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FEASIBILITY STUDY REPORT
TERMINAL 1 SOUTH
PORTLAND, OREGON

EXECUTIVE SUMMARY

This document describes the feasibility study (FS) for the Port of Portland at the Terminal 1
South Site (T1S Site) in Portland, Oregon. The FS discusses alternative remedies that are
available to reduce to an acceptable level existing and potential future risks to human
health and the environment associated with petroleum hydrocarbon and metal
contamination at the site. The risks were evaluated in the Human Health and Ecological
Baseline Risk Assessment Report (Hart Crowser, 2002a).

The project site, T1S Site, is located at 2100 NW Front Avenue in Portland, Oregon
(Figure 1). The site consists of approximately 21 acres that are almost completely
paved with asphalt or concrete or covered by buildings {Figure 2). Two primary
structures, designated as Warehouse No. 2 and House No. 104, are currently '
located at the T1S Site. An extensive dock structure is present over submerged
lands at Berths 104, 105, and 106. Historically, Terminal 1 has been used for staging
of lumber, logs, paper products, steel containers, and bagged grain. The T1S Site
will be redeveloped for residential and commercial purposes.

Environmental investigations and risk assessment conducted at the site identified
.. T1S Site soils exceeding acceptable risk levels. Likely or potential sources of
contamination include underground storage tanks and dry wells. Polynuclear aromatic
* hydrocarbons {(PAHs), arsenic, and lead are the contaminants of concern at the site.

.. The remedial action objective is to prevent-human contact or ingestion of soil. -
= lmpacted by PAHs, lead and arsenic above defined deanup levels. To ensure the N

assess its protectiveness based on the standards in OAR 340-122-040, and the
balancing factors outlined in OAR 340-122-090 (3) and (4).

Remedial technologies associated with a list of general response actions were
screened for effectiveness and applicability based on land use and site conditions.
These technologies were also combined as necessary to form viable remediation
alternatives (several technologies, such as monitoring, were included in all
alternatives). The combined alternatives were evaluated for protectiveness, against
the balancing factors (effectiveness, long-term reliability, implementability,
implementation risk, and reasonableness of cost), and the degree to which they
address hot spots: The alternatives were then compared against one another to
identify the alternative that overall best meets the selection criteria.

Hart Crovsser ' Page 1
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Based on the following, we recommend the implementation of either the landfill or
thermal treatment alternatives. These alternatives are protective of public health,
safety, and welfare and of the environment by preventing exposure of receptors to
the contaminants. These alternatives address hot spots by removal to an off-site
landfill or treatment by thermal desorption.

1.0 INTRODUCTION

This document describes the feasibility study (FS) for the Port of Portland Terminal 1
South (T1S Site) in Portland, Oregon. The FS discusses alternative remedies that are
available to reduce existing and potential future risks to human health and the
environment associated with petroleum hydrocarbon and metal contamination at
the Site. The FS was prepared in accordance with Oregon Administrative Rules
(OAR) for remedy selection (OAR 340-122-090) and the Department of |
Environmental Quality {DEQ) guidance (1998).

1.1 Purpose and Scope

The purpose and scope of the activities associated with this report were detailed in the
Feasibility Study Scoping Document (Hart Crowser, 2002b) prepared for the Site. The -
Feasibility Study Scoping Document described the activities to be conducted in the
evaluation of the remedial alternatives for the Site. The FS is based on the information
collected from the Remedial Investigation Report - Volumes 1 and 2 (Hahn and
Associates, 2001a) and the Monitoring Well Instaltation and Groundwater Sampling_ )
Report (Hahn and Associates, 2001b). The primary objectives of the FS were to identify
a range of remedial options appropriate for the T1S Site and develop the information
_necessary to select an appropriate remedial action alternative that meets the standards
listed in OAR 340-122-040.and OAR 340-122:090.. . . oo . . . . -

T 7257 = Dilring the FS developmient, a éomprehensive and-rational processiwas used for-. - . T i1 2 o
screening a broad spectrum of remedial options to address the risks identified
during the risk assessment. Major tasks associated with the FS include:

n De\)eloping remedial action objectives;

m  Screening remedial technologies; .

m  Developing and screening remedial action alternatives;

m  Completing a detailed evaluation of protective and feasible alternatives; and

m  Recommending a remedial action alternative.

Hart Crowser ' Page 2
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1.2 Report Organization

The following is a brief overview of the organization of the report.

Site Location, Description, and History. The main body of this report begins with
Section 2.0, which includes a discussion of the Site location, description, and brief
history of documented releases to the environment. We then present an overview
of the investigations conducted to date documented in the remedial investigation
(R1) reports. This section also summarizes the results from the risk assessment and
concludes with an evaluation of the potential for hot spots.

Remedial Action Objectives. Section 3.0 of this report defines and discusses the goals
of future remedial actions at the Site and develops appropriate remedial action
objectives to meet these goals. Other topics addressed in this section include
determination of quantities (i.e., area and volume) for the media of concern and a
discussion of the criteria used in evaluating remedial action alternatives.

Technology Evaluation and Remedial Action Alternatives. Upon establishing

remedial action objectives, a list of general response actions are developed and
presented in Section 4.0 to address the Site conditions identified in the R! reports.

These general response actions form the basis for generating and screening

technologies. Potential remedial technologies were developed for each general

response action identified. Technologies were then evaluated with respect to

specific Site conditions, waste characteristics, and the ability 1o achieve the remedial
action objectives. The technologies remaining after the screening process can then .
be combined to create potential alternatives for further detailed analysis.

Detailed Analysis of Remediation Alternatives. The potentially feasible remedial
action alternatives are more fully developed in Section'5.0 of the FS. The protective ~
T : - -alternatives are evaluated:on the basis of the balancing factors: effectiveness, long- - - _':._--;'
' " “term reliability, implementability, implémentation risk, and reasonableness of cost. "7
Alternatives are also evaluated on the basis to which they address hot spots. The
evaluation includes sufficient detail to identify comparative or relative differences

among alternatives.

Comparative Evaluation of Remedial Action Alternatives and Recommendations.
After completion of the detailed screening, the feasible Site alternatives are then
ranked (Section 6.0). Within each balancing factor, the alternatives are compared to
all others to generate an overall ranking. Based on the results of the comparison
rankings, a remedial action alternative is recommended. The recommended remedial
action alternative is discussed in Section 7.0. '

Han Crowser ' Page 3
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1.3 Limitations

All work performed by Hart Crowser was completed in accordance with generally
accepted professional practices related to the nature of the work accomplished, in
the same or similar localities, at the time the services were performed. This report is
for the specific application to the referenced project and for the exclusive use of the
Port of Portland. No other warranty, express or implied, is made.

2.0 SITE LOCATION, DESCRIPTION, AND HISTORY

This section summarizes the available information on this site. A more detailed
description of environmental activities and the results of the RI conducted at this site
are provided in the Terminal 1 South Remedial Investigation Report (Volumes 1 and 2)
preparéd by Hahn and Associates (Hahn and Associates, 2001a} and the Monitoring
Well Installation and Groundwater Sampling Report (Hahn and Associates, 2001b).

2.1 Site Location and Description

2.1.1 Site Location

The T1S Site is focated at 2100 NW Front Avenue along the Willameitte River in

Portland, Oregon (Figure 1). The site consists of approximately 21 acres located
northwest of Interstate 405 (Fremont Bridge), northeast of NW Front Avenue, southeast
of Slip No. 2, and southwest of the Willamette River (Figures 1 and 2). For lhe purpose
of this FS, the T1S Sxte does not include sediments adjacent to the Site. i

2.1.2 Site Description

" Two primary structures, designated as Warehouse No. 2 and House No. 104, are - _
ERE --currently’ focated at the T1S Site.~Tristar: Transload currently leases and operates’ the- S

open storage area between Slip No. 2 and House No. 104 and portions of House
No. 104. The remaining portions of the site are unoccupied. Additionally, an
extensive dock structure is present adjacent to the T1S Site over submerged land at
Berths 104, 105, and 106. '

The topography at the T1S Site is generally level at an elevation of approximately 30
feet above mean sea level (msl). The site is generally paved with asphalt or
concrete with no vegetation and litde bare ground present.

2.1.3 Site History

The site history presented here is summarized from information contained in a
Preliminary Assessment (PA) (Port of Portland, 2000) prepared for the T1S Site. In

Hart Crowser
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2 2 Prevlous Sltq Investigations

approximately 1884, upland areas in the vicinity of Terminal 1 extended 100 to 200
feet northeast of Front Avenue. By 1908, they extended approximately 200 to 400
feet northeast of NW Front Avenue. Since that time, various portions of the T1S Site
have been filled and dredged. Slip Nos. 1 and 2 were created by dredging in
approximately 1914 and 1923, respectively. Filling activities at the site were
generally completed in approximately 1972 when Slip No. 1 was filled.

Between 1913 and 1936, the Commission of Public Docks (CPD) purchased various
parcels of property in four primary phases. Three of these parcels now make up the
Marine Terminal 1 South complex. The CPD merged with the Port on January 1, 1971.

Prior to and during World War Il, Terminal 1 and the adjacent industrial neighborhood
supported expanded activities on behalf of the war effort. Ship building and repair at the
Willamette Iron and Steel Corporation facility formerly located at Terminal 1 necessitated
increased dock front dredging (for larger ship berths) and the occasional use of Termlnal

-1 property for temporary equipment storage.

In 1946, the CPD purchased the Eastern and Western Lumber Company property
to the immediate north of Terminal 1 South. The Willamette Iron and Steel
Corporation, now adjacent to the CPD terminal, changed ownership in the same
year, becoming the Willamette Iron and Steel Company.

Historically, Terminal 1 has been used for the staging of lumber, logs, paper
products, steel containers, and bagged grain. Various companies have owned or
leased portions of the Terminal 1 South Complex (see Rl Report; Hahn and )
Associates, 2001a). It is anticipated the T1S Site will be redeveloped for residential
and commercial purposes.

i e —

ln July 2001 Hahn and ASSOCIates completed an Rl at the HS Site (Hahn and
Associates, 2001a). RI activities completed at this site consisted of the following
six phases:

Focused Environmental Site Assessment completed by Maul Foster in 1998 (Maul
Foster & Alongi, 1998);

m  Environmental Baseline Investigation completed by Hahn and Associates in
February and March 2000 (Hahn and Associates 2001a);

m  B-38 Area Characterization completed by Hahn and Associates in March 2000
{Hahn and Associates 2001a};

Hart Crowser
15230 June 13, 2002

Page 5

POPT1S600931




m  Supplemental Site Characterization Activities completed by Hahn and
Associates in September 2000 (Hahn and Associates 2001a);

m  Data Gap Investigation completed by Hahn and Associates during October and
November 2000 (Hahn and Associates 2001a); and

m  Groundwater Investigation completed by Hahn and Associates during August,
September, and October 2001, and January 2002 {Hahn and Associates, 2001b -
and 2002). '

A total of 112 push probe borings were installed for the collection of soil and
groundwater samples during these site activities. The locations of these push probe
borings are presented on Figure 2. Please refer to the Rl Report (Hahn and
Associates, 2001a) for further discussion of these activities and results.

The groundwater investigation included installation, development, and sampling of
seven groundwater monitoring wells at the site. The locations of the groundwater

‘monitoring wells are presented on Figure 2. Please refer to the groundwater

sampling report for further discussion of these activities and results (Hahn.and
Associates, 2001b).

2.3 Remedial Investigation Summary

These activities provided a detailed understanding of the site and surrounding vicinity.

2.3.1 Geology and Hydrogeology - -

®  The subsurface soils encountered during the investigations were predominantly
sands and silts with occasional gravel to the maximum depth of |nvest|gatlon at
80 feet below ground surface (bgs). - ' T : e

m ‘Based on hlsloncal_documentatnon--an‘d snvestigatioﬁéf’the‘b'rdp'erty has been:: = fZ5s™ 0 <

“extensively filled-in over time; fill material was encountered at all push probe
locations from the surface to depths of 32 to 67 feet bgs.

® Soils _thought to be former Willamette River sediments were encountered at the
former Slip No. 1 (B-84} at a depth of approximately 67 feet bgs.

m  Soils encountered beneath NW Front Avenue were generally siltier than those

encountered on the T1S Site, suggesting the soils in the right of way are either
alluvial in origin or are from a different fill source than that of the site.

m  Groundwater in the vicinity of the T1S Site generally occurs in three principal
hydrogeologic zones: (1) a shallow unconfined fill/alluvial deposit (shallow
water-bearing zone [WBZ]); (2) generally confined Troutdale WBZ; and (3) the
confined Columbia River Basalt WBZ.

Hart Crowser
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m  Unconfined groundwater was encountered within the shallow WBZ (fill) at an
average depth of approximately 23 feet bgs.

®  Groundwater elevations measured in the seven monitoring wells installed at the
T1S Site on September 28 and October 30, 2001, indicate a general flow to the
northeast towards the Willamette River with a decline or even reversal of the
gradient near the river (Hahn and Associates, 2001b).

2.3.2 Land and Water Use

The locality of the facility (LOF) is defined as “any point where a human or
ecological receptor contacts, or is reasonably likely to come into contact with,
facility related hazardous substances.”

Chemicals have been detected in both soil and groundwater at various areas of the
site, but offsite migration of contamination is not evident based on the existing
data. Accordingly, the LOF is defined only as the T1S Site and the adjacent area on
Front Avenue in Area A (Hahn and Associates, 2001b).

Historical Land Use. The approximate 21-acre T1S Site has historically been zoned
as “IH” for Heavy Industrial. Surrounding adjacent properties are zoned “IH”
Heavy Industrial and “EX” Central Employment.

Current and Reasonably Likely Future Land Use. The current and reasonably likely
future land use in the LOF is well defined. The site is currently zoned as Central
Residential (RX) such that it can be redeveloped for an alternative use. The RX
zoning is considered the comprehensive plan for the property. Based on the RX
zoning designation, it is expected the site will be used for mixed-use
residential/commercial development in the future.__

‘A beneficial groundwater use evaluation-was condicted for the Hoyt Street ... _ "7
Property (RETEC, 1997) that adjoins the southeast corner of the T1S5 Site. Hahn and
Associates conducted an additional well inventory as part of the Rl and the

groundwater monitoring study to supplement the RETEC survey. Based on trends in
groundwater use in the area and RETEC fate and transport modeling, the only

identified beneficial use for groundwater in the LOF is discharge to the Willamette

River. No water wells were found to be in use within 0.5 mile of the T1S Site. No
surface water rights were identified within 0.5 mile of the T1S Site.

2.4 Risk Assessment Results

Hart Crowser conducted a human health risk assessment (HHRA) and a Level 1
Scoping and Modified Level 2 Screening ecological risk assessment (ERA) for the T1S

15230 Jums 13, 2002

Page 7

POPT1S600933



Site (Hart Crowser, 2002a). We also screened groundwater data against surface water
criteria developed for protection of human health from ingestion of fish tissue.
Potentially exposed populations that were evaluated in the HHRA include future
residents, current and future commercial workers, future utility/excavation workers,
and future construction workers. The T1S Site is being redeveloped for residential and
commercial purposes. The site will be developed into three areas {A, B, and C), which
were evaluated as separate areas of concern (AOCs). The AOCs are presented on
Figure 2. Separate COPCs were identified and separate risk calculations were
conducted for each AOC. Risk-and hazard estimates are described below.

Human Health Risk Assessment Results for Area A. The exposure pathways that
were quantitatively evaluated at Area A were soil ingestion, dermal contact with
soil, inhalation of volatiles from groundwater, and inhalation of fugitive dust.

The assessment of carcinogenic risks to residential receptors at Area A indicated that
under both Reasonable Maximum Exposure (RME) and Central Tendency (CT)
conditions, the potential risks exceeded DEQ acceptable risk levels. Compounds of
Potential Concern (COPCs) that exceeded the DEQ acceptable risk level for individual
carcinogens are benzo(a)pyrene, benzo(a)anthracene, dibenz(a,h)anthracene,
benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, and arsenic. The assessment of
noncarcinogenic risks identified only lead as present above acceptable risk levels for

* residential exposure under both RME and CT conditions.

For the commercial worker exposure scenario, the estimated cumulative
carcinogenic risks were found to be acceptable under both RME and CT conditions.
However, benzo(a)pyrene and arsenic exceeded the DEQ acceptable risk level for
individual carcinogens. The assessment of noncarcinogenic risks identified lead as
present above the acceptable risk level for the commercval worker exposure under -
only the RME condmon - - - oo

For the excavatlon and constructlon worker exposure scenarlos, no unacceptable risks
from exposure Lo carcinogens were identified. The assessment of noncarcinogenic
risks identified lead as present above the acceptable risk level for the excavation and
construction worker exposure under only the RME condition. The excavation worker is
the only applicable exposure pathway for Naito Parkway. No unacceptable risks were
identified for the excavation worker for contamination detected beneath the roadway.

The RME and CT exposure point concentrations (EPCs) for lead in surface and total
soil in Area A are driven by the maximum detection in one sample (B-68). If the soil
associated with the sample were removed, the lead £PCs would be acceptable for
the residential and commercial receptors. Additionally, while arsenic was identified
as a carcinogen resulting in unacceptable risks in Area A, there were only three soil
samples {within the 0- to 15-foot-depth ranges evaluated in this HHRA) that

Hart Crovrser
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exceeded the site-specific background level of 5.3 mg/kg identified in the Rl (Hahn
and Associates, 2001a).

_Human Health Risk Assessment Results for Area B. The exposure pathways that

were quantitatively evaluated at Area B were soil ingestion, dermal contact with soil,
and inhalation of fugitive dust. No volatile organic compounds (VOCs) were
detected in Area B soil or groundwater.

The assessment of carcinogenic risks to residential receptors at Area B indicated
potential risks exceeded the DEQ acceptable risk level only under the RME
condition. COPCs that exceed the DEQ acceptable risk level for individual
carcinogens are benzo(a)pyrene and arsenic. The assessment of noncarcinogenic
risks found no exceedences of DEQ acceptable risk levels for residential exposure.

For the commercial worker exposure scenario, the estimated cumulative carcinogenic
risks were found to be acceptable under both RME and CT conditions. However,
arsenic exceeded the DEQ acceptable risk level for individual carcinogens under the
RME condition. The assessment of noncarcinogenic risks found no exceedences of
DEQ acceptable risk levels for commercial worker exposure.

No unacceptable carcinogenic or noncarcinogenic risks were identified for either
the construction worker or the excavation worker exposure in Area B.

Arsenic was identified as a carcinogen resulting in unacceptable risks in Area B for
residential and commercial worker exposure scenarios. However, there were no -.
detected concentrations of arsenic in soils in Area B that exceeded the site-specific
background level of 5.3 mg/kg identified in the R (Hahn and Associates, 2001a).

Human Health Risk Assessment Results for Area C. The exposure pathways that

- were quantitatively evaluated at Area C were soil ingést_ioq_i,’_derma_l-'_qonlact_with .

soil, and inhalation of fugitive dust. No VOCs were detected in Area C soil or
groundwater. Arsenic is the only COPC for Area C.

The risk assessment found that the carcinogenic risk to future residential and
commercial workers from exposure to individual carcinogens under the RME
condition exceeded the DEQ acceptable risk level. Additionally, the RME cumulative
carcinogenic acceptable risk level was exceeded for future residents. However, all of
the unacceptable risk estimates for Area C resulted from exposure to the RME EPC for
arsenic in soil, based on the maximum detected concentration of arsenic in Area C
soils. If the mean (or CT) value for arsenic in Area C soils is used to calculate
carcinogenic risks, all of the predicted risk, both for individual and cumulative
carcinogenic risks, under either future use scenario would be acceptable. The
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assessment of noncarcinogenic risks found no exceedences of DEQ acceptable risk
levels for residential or commercial worker exposure.

No unacceptable carcinogenic risks were identified for either the construction
worker or the excavation worker in Area C.

While arsenic was identified as a carcinogen resulting in unacceptable future risks in
Area C, there were no detected concentrations of arsenic in surface soils {i.e., 0-3
feet bgs) that exceeded the site-specific background level of 5.3 mg/kg identified in
the Rl (Hahn and Associates, 2001a).

Human Health Screening: Fish Consumption. To assess the potential human
health impacts from groundwater discharges into the Willamette River and
subsequent fish ingestion by recreational anglers, the available groundwater
monitoring data were screened against existing surface water criteria developed for
the protection of human health from the ingestion of fish tissue. The conclusion of-
this assessment is that the concentrations of contaminants of interest in
groundwater are below conservative screening levels and are, therefore, below any
levels of concern from a human health perspective.

Ecological Risk Assessment Results. The Level 1 Scoping ERA did not identify any
ecologically important species or habitats at the T1S Site. The site is almost entirely
paved or covered by buildings. The absence of upland habitat indicates there are no
complete exposure pathways for terrestrial ecological receptors to come in contact
with contaminated soil at the T1S Site. In addition, based on the reasonably likely
future use of the site (commercial and/or residential), future habitats on the site are
not reasonably likely.

- A Modified Level 2 Screening ERA was conducted on the available. groundwater .
_ monitoring well data collected at this site (two rounds of data) There were no-

.. . “detected concentrations of organic constifuents in the séven groundwater -0 .
monitoring wells that exceeded their corresponding Ecological Screening
Benchmark Values (SBVs). There were two metals (copper and fead) detected in
groundwater that exceeded SBVs based on the analysis of unfiltered, total metals,
but when the same samples were analyzed for dissolved metals, copper and lead
were not detected. The dissolved fraction of metals represents the bioavailable
fraction in aqueous environmental media. Therefore, itis concluded that there is no
potential for adverse ecological impacts to aquatic ecological receptors from the .
diécharge of groundwater to the Willamette River.

Hart Crowser Page 10
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2.5 Hot Spot Evaluation

As part of the evaluation of alternatives, the FS must distinguish between .
contamination that does and does not constitute a hot spot {OAR 340-122-085(5), (6),
and (7) and OAR 340-122-090(4)). The definition and evaluation of hot spots differs
depending on whether water (groundwater or surface water) or media other than

- water are being considered (media other than water include soil, debris, sediment,
wastes, non-aqueous phase liquid, and other materials). In accordance with OAR 340-
122-115(31), hot spots are defined as follows.

Groundwater or Surface Water. To be a hot spotin groundwater or surface water
requires the following:

® A “hazardous substance” as defined by OAR 340-122-115(30);

®m A “significant adverse effect on beneficial uses of water” (or waters to which the
hazardous substance would be reasonably Iukely to migrate) as defined by OAR
340-122- -115(50); and

m»  Treatment must be reasonably likely to restore or protect the beneficial uses
within a reasonable time-framie (as determined by the feasibility study).

Media Other Than Groundwater or Surface Water. To be a hot spot in other
media requires the following:

m A “hazardous substanice” as defined by OAR 340-122-1 15(30);

= Arisk to human health or the environment exceeding the “acceptable risk level”
as defined by OAR 340-122-115(1 }; and

- ®m  One or more the following conditions: _

— ...+ The hazardous stbstance is presenl at or more than a concentratlon

 corrésponding to-any one of the following:

100 times the acceptable risk level for human exposure to an individual
carcinogen;

- 10 times the acceptable risk level for human exposure to an individual
noncarcinogen; or '

10 times the acceptable risk level for exposure of individual ecological
receptors or populations of ecological receptors to an individual
hazardous substance.

] The hazardous substance is not reliably containable {as determined by the
feasibility study); or .

Hart Crowser Page 11
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= The hazardous substance is reasonably likely to migrate to such an extent
that a hot spot in water would be created or either of the above two
conditions would be created.

2.5.1 GroUndwafer and Surface Water

Reasonably likely future land use at the site will be a mix of residential and
commercial, and the groundwater beneath the site is not and likely will not be used

* for drinking water. The only identified beneficial use for groundwater in the locality
of the facility is discharge to the Willamette River. The inhalation of VOCs from
groundwater was evaluated as a potentially complete exposure pathway for all
receptor scenarios as part of the HHRA. The risk assessment identified no risk
attributable to inhalation of VOCs from groundwater. The risk assessment found no
impact to surface water from groundwater discharge. Therefore, there is no
groundwater hot spot.

There is no surface water within the locality of the facility. Therefore, there is no
surface water hot spot.

2.5.2 Media Other Than Groundwater or Surface Water

Hazardous substances (PAHs, lead, and arsenic) are present at the T1S Site. With
the exception of two samples, individual carcinogenic risk estimates are less than 100
times the acceptable risk level (1 x 10*) and noncarcinogenic risk estimates are less
than 10 times the acceptable risk level. Inspection of field logs did not identify
indicators of freé-phase petroleum hydrocarbons. Samples B-68 and B-92 had
benzo(a)pyrene concentrations (7.05 mg/kg and 2.35 mg/kg, respectively) greater
than the concentration corresponding to a risk level of 1 x 10* (2.1 mg/kg). Sample
B-68 also had a lead-concentration (6,190.mg/kg) greater than the Hot Spot Level ..~ = -
(4,000 mg/kg). The B-68 and B-92 samples were collected from Area A and Area B, = '

" respectively (see Figure 2). In addition, PAHs are relatively immobile and are not '
likely to migrate (as supported by the lack of detections in groundwater). Therefore,
soil hot spots (resulting from two soil samples) are present at B-68 and B-92.

3.0 BASIS OF FEASIBILITY STUDY ANALYSIS

In this section, we define the basis by which the FS was conducted. This includes
defining the remedial action objectives, the criteria by which the alternatives were
evaluated, and the areal and volumetric extent of the contamination to be addressed.

Hart Crowser . ' Page 12
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3.1 Remedial Action Objectives

The remedial action objectives are defined to address the unacceptable risks
determined by the baseline risk assessment. These risks were reviewed in

Section 2.3. In summary, there is an unacceptable risk to residents and commercial
workers (Areas A and B) and to excavation and construction workers (Area A). The
unacceptable risk results from direct contact with soil. The chemicals resulting in
unacceptable risk for one or more pathways include five PAHs, arsenic, and lead.

Although unacceptable risk was identified for exposure to arsenic in Area C, the
concentrations of arsenic in surface soil are below the site background level;
therefore, the risk in Area C is acceptable and there is no further evaluation of
Area C in the feasibility study.

Therefore, the remedial action objective is to prevent human contact with or
ingestion of soil from Areas A or B impacted above acceptable levels by PAHs, lead,
or arsenic. Acceptable levels, or cleanup levels, are defined in Table 1 for each of
the chemicals of concemn. In general, the cleanup levels are based on a 1 x 10® risk
level, hazard index of 1, or background.

3.2 Evaluation Criteria

In accordance with OAR 340-122-085(4), the remedial alternatives are evaluated
based on protectiveness, feasibility, and the extent to which the altematives treat or
remove hot spots of contamination. Protectiveness is determined using the
standards in OAR 340-122-040. The protectiveness standards applicable to the T1S
Site are summarized as follows:

m  Ability of the remedial action to protect present and future publlc health; safety, T

and welfare and the envcronment - - T - e

» ”Abllny of the remedtal actlon to achleve acceptable risk levpls Speclfled in OAR
340-122-115(1);

m  Ability of the remedial action to prevent or minimize future releases and
migration of contaminants in the environment; and

#®  Provisions for long-term care or management, as necessary and appropriate,
including but not limited to monitoring, operation, maintenance, and periodic
review. '

Feasibility of a remedial action is evaluated by balancing remedy selection factors
contained in OAR 340-122-090(3) and (4). These balancing factors are summarized
as follows:
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m Effectiveness - ability and time frame of remedial action to achieve protection
through eliminating and managing risk.

m long-Term Reliability - reliability of remedial action to eliminate or manage risk
and associated uncertainties.

m  Implementability - ease or difficuity of implementing remedial action
considering technical, mechanical, and regulatory requirements.

= Implementation Risk - potential impacts to workers, the community, and the
environment during implementation.

m Reasonableness of Cost - includes capital costs, operations and maintenance,
periodic review, and net present value of the remedial action (a cost is not
considered reasonable if the casts are disproportionate to the benefits created
through risk reduction or risk management). ' '

Treatment or Removal of Hot Spots. Treatment of hot spots is evaluated based on
the criteria set forth in OAR 340-122-085(5) through (7). The portions of these rules
applicable to the T1S Site are summarized as follows:

m Evaluate the extent to which the hazardous substance cannot be reliably contained;

m  Evaluate the feasibility of treatment to a point where the hot spot would no
longer occur (based on a balancing of the factors listed above) and an '
application of the higher threshold for evaluating the reasonableness of cost of
treatment; and

m Evaluate the feasibility of treatment to the acceptable risk level withoutan
application of the higher threshold for evaluating the reasonableness of cost of
treatment.

- R LTl o~ L R i s i L —

33 A?eé and V_dlyme _of Contaminagiqn

' ' Figure 3 shows the sample locations that exceed at least one of the cleanup criteria
listed in Table 1. The figure graphically identifies the sample location, depth range,
receptor, and contaminant type for the unacceptable samples. The figure also

shows the locations of hot spots.

Based on Figure 3, Figure 4 shows the areas and depths exceeding cleanup or hot
spot levels. From this figure, we estimated areas and volumes of soil requiring
remediation. Depths are based on depth ranges corresponding to exposure
scenarios (e.g., 0-3 feet for residential) and/or actual sample depths from the Rl. The
estimated area and volume of soil and hot spots requiring remediation are as follows.
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Total:

Area - 51,200 square feet (including the hot spot areas).

Depth - 3 feet except at B-38 and B-92. For a 30-foot diameter centered at B-
38 and B-92, depth equal to 10 feet.

Volume - 6,100 cubic yards {including the hot spot volume).

Hot Spots:

Area - 1,420 square feet.
Depth - 3 feet at B-68 and 10 feet at B-92.
Volume - 340 cubic yards.

4.0 TECHNOLOGY EVALUATION AND REMEDIAL ACTION ALTERNATIVES

Initially, technologies associated with a list of general response actions were
screened for applicability based on the ability to address the remedial action
objectives. General response actions are broad categories of remedial measures
that address the remedial action objectives. A response action may be a stand-
alone remedial action alternative, or a component of a comprehensive alternative.
The list of general response actions includes:

m  No Action;
m  Institutional Controls;
m  Removal/Discharge;
" Congainment;_

m 5/’_tuB.iologic-z_il_Tré?ffhent;' I -

8 /n Situ Physical/Chemical/Thermal Treatment;

Ex Situ Biological Treatment; and

Ex Situ Physical/Chemical/Thermal Treatment.

The first two columns of Table 2 list the general response actions with representative
remedial action technologies. The list of potentially applicable technologies was
developed from a wide range of sources including government documents, research
literature, periodicals, the Internet, and our experience. The third column of Table 2
includes a brief description of each technology and aids in the understanding of what
each technology includes. The fourth column discusses the effectiveness of the
technology or the conditions under which the technology may be effective.
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Comments in the last column explain the rationale for either accepting or eliminating
a particular technology option. The shaded technologies in Table 2 are eliminated
from further consideration. Remedial action technologies for soil retained for further
consideration include:

8 No Action;

m  Access Restrictions;

®  Monitoring of soil;

m Cover,

m  Soil excavation;

m  Offsite landfill disposal of soil; aﬁd

m  Thermal desorption.

Several of these technologies are not useable without being combined with other
technologies. As appropriate, technologies were combined to form functional
alternatives (such as combining excavation with off-site disposal). Monitoring is
considered to be part of each alternative except No Action. The No Action
Alternative is kept through the screening process to serve as a baseline for
comparison. Remedial action alternatives identified for detailed analysis include:

m  No Action;
®  Cover/Deed restrictions with hot spot removal (Cover);
m  Offsite landfill disposal (Landfill); and

®» Soil treatment by thermal desorption/selective offsite landfill disposa!»(Therrﬁ'aI- TTraL T

ezl oo _Treatment). e e el T L ez A

5.0 DETAILED ANALYSIS OF REMEDIAL ACTION ALTERNATIVES

" This section identifies and evaluates each of the remedial action alternatives
identified in Section 4.0. Feasibility of the alternatives was evaluated using the
criteria in Section 3.2. :

Following the evaluation, a comparative analysis of each alterpative relative to every
other alternative was completed (Section 6.0). This comparative analysis serves as
the basis for selecting the recommended remedial action alternative (Section 7.0).
Estimated costs for each technology are included in Table 3.
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5.1 No Action

Description. According to OAR 340-122-085 (2), a No Action Alternative must be
evaluated as a remedial action alternative. The No Action Alternative assumes that no
action is taken, no monitoring is performed, and no costs are incurred:

Protectiveness. The No Action Alternative is not protective because it allows
contaminants to be left in place at concentrations that exceed protective levels.

Effectiveness. The No Action Alternative will not effectively manage risk.

Long-Term Reliability. The No Action Alternative will not reliably address the
contamination or associated risk.

Implementability. The No Action Alternative is the easiest of the alternatives to
implement.

Implementation Risk. Since there are no construction or remediation activities
associated with the No Action Alternative, there is no risk to workers or the public

during implementation of this alternative.

Reasonableness of Cost. There is no cost associated with the No Action
Alternative.

Hot Spots. The No Action Alternative does not address hot spots.

5.2 Cover/Deed Restrictions with Hot Spot Removal

-Description. . On-site soil above Hot Spot Levels (B-68 and B- 92) wouldbe- ... .. . o--

_excavated, Ioaded in trucks, and hauled to a licensed Subtntle C (hazardous waste) or-

metal concentrations) would be excavated separately from soils in the vicinity of B-92
and stockpiled for waste designation sampling (based on leachability of lead). If
designated a hazardous waste, this soil would be disposed of at a licensed Subtitle C
facility. Soils excavated in the vicinity of B-92 (approximately 260 cubic yards
impacted primarily by PAH contamination) would be disposed of at a licensed
Subtitle D disposal facility or treated at a licensed thermal treatment facility.

Clean, imported soil would be placed at the site to restore the ground surface to the
previously existing grade. In addition to the hot spot removals and disposal, 51,200

square feet of impacted surface soils would be permanently capped. The area to be

capped cotresponds to the areas identified on Figure 3. For purposes of the
feasibility study, the cap is assumed to consist of a typical commercial/industrial
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" implémentation Risk. . Construction activities associat

pavement section of 4 inches of asphalt concrete over
10 inches of crushed rock base course.

To complete this alternative, a deed restriction would be structured for the subject
property. The deed restriction would notify owners or potential owners of the
presence of the cap and identify associated restrictions. These restrictions would
include appropriate training and protection requirements for future excavation or
construction workers exposed to soil beneath the cap. Also, a soil handling plan
would be prepared describing the procedures for defining reuse of soil. Site
monitoring wells would be maintained for potential future monitoring.

Protectiveness. This alternative is protective of human health by removing hot
spots to a controlled landfill and preventing direct contact with residual
contamination in soil (through engineering controls such as a cap and health and
safety procedures).

Effectiveness. This alternative addresses direct-contact risk as long as the cover is
maintained and the deed restrictions are abided by. The time to reach the RAO is
estimated to be two months.

Long-Term Reliability. Although this alternative does not reduce toxicity or mobility
of the contamination in the soil, the hot spots would be removed to a controlled
disposal facility and the cap would prevent direct contact with residual
contamination in soil (as long as the integrity of the cover is maintained).

Implementability. The site is easy to access and this remedial action alternative is
readily implemented using current and available construction techniques.
Administration of the deed restriction will fequire recording of documents with

the County.™ — - 77"=" 7 - e e

ted with this alternativeare " .~
minimal and there is little risk during implementation if care is taken to prevent

direct contact with the source soils. The primary potential impact to the community

would be dust generation during excavation and spilling of soil or vehicular

accidents during the transport to the landfill. Dust control would be used to

decrease dust generation. Prior to departure from the site, all loose soil would be

brushed from the truck or drop boxes. All trucks would be tarped to prevent

incidental spilling during transport.

Reasonableness of Cost. The estimated cost for the Cover Alternative is $288,000.
This cost includes long-term costs for the maintenance of the cap. The scope of work
and unit costs used to develop this estimate are summarized in Table 3.
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Hot Spots. Hot spots are addressed by removal from the site and disposal in a
licensed hazardous and/or solid waste landfills, as appropriate.

5.3 Off-Site Landfill Disposal

Description. All soil above cleanup levels (as defined in Section 3.3 and shown on
Figure 4) would be excavated for offsite disposal. Except for soil in the vicinity of B-
38 and B-68 all soil would be disposed of in a Subtitle D solid waste landfill. This
removal volume is estimated to be approximately 5,730 cubic yards. This quantity
includes the hot spot soil at B-92. The soils in the vicinity of B-38 and B-68 (elevated
metal concentrations) would be excavated separately and stockpiled for waste
designation sampling (based on leachability of lead). If designated a hazardous
waste, this soil (about 340 cubic yards) would be loaded in trucks and hauled to a
Subtitle C hazardous waste landfill. Otherwise, the soil would be disposed of with
the remaining site soil.

Clean, imported soil would be placed at the site to restore the ground surface to
previously existing grade. Dust control would be achieved at the site by spray
application of water to the ground surface as needed. There would be no longterm
maintenance requirements with this alternative. Monitoring wells would be maintained
for potential future monitoring. Institutional controls consisting of a soil management
plan would be included to describe the procedures to define reuse of soil.

Protectiveness. Landfill disposal achieves protection by removing contaminated
soil above acceptable risk levels (including hot spots) to a controlled {andfill. Future
receptors are protected from potential redistribution of contamination by
implementation of a soil management plan. ;

. Effectiveness. This altérnative is very efféctive. Disposing of the-soil at & landfill will" ~ T
==__ % - = eliminate the human health risk from the soil by removing t_he_(;_bntanliq]atea édutce ce e e
7 7 to'a managed facility. The time estimated to reach the RAO is estimated to be one™
to two months.

Long-Term Reliability. Landfill disposal does not reduce the toxicity or mobility of
the contaminants. This alternative otherwise has good long-term reliability because
the landfill is a controlled disposal facility that will be required to conduct long-term
maintenance and monitoring. '

Implementability. The site is easy to access and this remedial action alternative is
readily implemented using current and available construction techniques.
Transportation time and distance to the landfill is manageable. Limited shoring may be
required for the deeper excavations near Naito Parkway and House No. 104.
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Implementation Risk. This alternative poses little threat to workers or the
community during construction. The primary potential impact to the community
would be dust generation during excavation and spilling of soit or vehicular
accidents during the transport to the landfill. Dust control would be used to
decrease dust generation. Prior to departure from the site, all loose soil would be
brushed from the truck or drop boxes. All trucks would be tarped to prevent
incidental spilling during transport.

Reasonableness of Cost. The estimated cost for the Landfill Alternative is
$559,000. The scope of work and unit costs used to develop this estimate are
summarized in Table 3.

Hot Spots. Hot spots are addressed by removal from the site and disposal in a
licensed hazardous and/or solid waste landfills.

5.4 Soil Treatment by Thermal Desorption/Selective Off-site Landfill Disposal

Description. All soil above cleanup levels (as defined in Section 3.3 and shown on
Figure 4) would be excavated for offsite disposal or treatment. Except for soil in the

" vicinity of B-38 and B-68all soil would be treated at a permitted thermal desorption
facility. The removal volume for treatment in a thermal desorption unit is estimated
to be approximately 5,730 cubic yards (including the hot spot soil at B-92). The soils
in the vicinity of B-38 and B-68 (elevated metal concentrations exceeding waste
acceptance criteria for a typical thermal desorption facility) would be excavated
separately and stockpiled for waste designation sampling (based on leachability of
lead). If designated a hazardous waste, this soil (about 340 cubic yards) would be
loaded in trucks and hauled to a Subtitle C hazardous waste landfill. Otherwise, the
soil would be disposed of in a Subtitle D solid waste landfill. Flgure 3 shows the

e

_ C i emee e Ltk e oot - — PR e o e

Clean, imported soil would be placed at the site to restore the grdu-na- surface to
previously existing grade. Dust control would be achieved at the site by spray
application of water to the ground surface as needed. There would be no longterm
maintenance requirements for this alternative. - Site monitoring wells would be
maintained for potential future monitoring. Institutional controls consisting of a soil
management plan would be included to describe the procedures to define reuse of soil.

Protectiveness. Protection is achieved in this alternative through removal and/or
treatment of contaminated soil above acceptable risk levels (including hot spots).
Landfill disposal achieves protection by removing the contaminated soil to a controlled
facility. Thermal desorption reduces the mass of the polynuclear aromatic
hydrocarbons (PAHs) on the site thiough treatment of the contaminated soil.
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“summarized in Table 3.© . _

Effectiveness. This alternative is very effective. It achieves effectiveness through removing
the contaminated soil to a managed facility or treatment of the contaminant. The time
estimated to reach the RAOs is estimated to be 1 to 2 months.

Long-Term Reliability. This alternative offers good long-term reliability because
contaminated soil is removed from the T1S Site. Landfill disposal does not reduce

“the toxicity or mobility of the contaminants. Overall, this alternative has good long-

term reliability because (1) the landfill is a controlled disposal facility that will be
required to conduct long-term maintenance and monitoring,

and (2) thermal desorption provides complete destruction of the contaminant.

Implementability. The site is easy to access and this remedial action alternative is
readily implemented using current and available construction techniques.
Transportation time and distance to the thermal desorption and landfill facilities are
manageable. Limited shoring may be required for the deeper excavations near
Naito Parkway and House No. 104. Mobile desorption units are available.

Implementation Risk. This alternative poses little threat to workers or the
community during construction. The primary potential impact to the community
would be dust generation during excavation and spilling of soil or vehicular
accidents during the transport to the landfill. or treatment facility. There is less risk
than for the Landfill Alternative because the thermal facility is closer. Dust controf
would be used to decrease dust generation. Prior to departure from the site, all
loose soil would be brushed from the truck or drop boxes. All trucks would be
tarped to prevent incidental spilling during transport.

Reasonableness of Cost. The estimated cost for the Thermal Treatment Alternative
is $564,000.“The scope of work and unit costs used to develop this estimate are

Hot Spbts. Hot spots_ére addressed by7 c_o.;r;plete removal from the site. Metals hot
spots would be disposed of in licensed hazardous and/or solid waste landfiils. The
remaining hot spot would be treated in the thermal desorption unit.

6.0 COMPARATIVE EVALUATION OF REMEDIAL ACTION ALTERNATIVES

This section of the FS presents an evaluation of the remedial action alternatives in
refation to one another. The comparative analysis is summarized in Table 4. In the
table, each alternative is compared to each of the other alternatives for each
evaluation criteria. An alternative is ranked as favorable (+), equal (0), or unfavorable
{-) in relation to every other alternative. The scores are summed at the right of the
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_ ranked the lowest. )

‘Implementation Risk. The No Action Alternative carries r;b.implerhentation risk. - e

table for each alternative and then ranked. The following discussion provides a
rational for the comparative evaluation presented in Table 4.

Protectiveness. This criterion is pass/fail. An alternative must be protective as
defined by OAR 340-122-040 to be acceptable. With the exception of the No
Action Alternative, all of the remedial actions meet the proteétiveness criteria. The
alternatives were not scored based on this criterion, but protectiveness was
considered when ranking the alternatives in the righthand column.

Effectiveness. The alternatives were ranked based on the permanency of the
alternative and the time required to complete the remedial action. The Landfill and |
Thermal Treatment Alternatives are essentially permanent and require the same length |
of time {equally ranked). The Cover Alternative ranked next, with No Action last.

Long-Term Reliability. Alternatives that permanently treat the contamination
ranked highest. The Thermal Treatment Alternative was ranked higher than the
Landfill Alternative because a substantial portion of the removal volume would be
treated by thermal desorption (permanently destroying the contaminants). The
Cover Alternative is ranked the second lowest because.only a small portion of the
contaminant volume (i.e., hot spot volume) is removed from the site. The No
Action Alternative was not considered a reliable remedial alternative.

Implementability. The No Action Alternative was considered the most easily
implemented remedial action. The soil removal alternatives were considered to be

“equally implementable because they both use similar construction methods. There

is uncertainty involved as to the ease of implementation of the cover alternative
because of the need for institutional controls. Therefore, the Cover Alternative was

Because implementation risk is primarily a function of excavation quantities and
transport of contamination on roadways, alternatives with less excavation (Cover)
ranked higher and alternatives with shorter haul distances (Thermal Treatment)
ranked next. Therefore, the Landfill Alternative ranked last.

Reasonableness of Cost. Cost estimates were developed for each of the remedial
options based on capital and long-term costs. The following list summarizes the
present worth total cost estimates for each alternative.

= No Action ($0);

@  Cover ($288,000);
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& Landfill ($559,000); and

u  Thermal Treatment ($564,000).

Hot Spots. All of the alternatives except No Action address hot spots by thermal
treatment and/or removal from the site.

7.0 RECOMMENDATIONS AND RESIDUAL RISK ASSESSMENT

Recommendations. We recommend the implementation of either the Landfill or
Thermal Treatment Alternatives. Either of these alternatives:

® s protective of public health, safety, and welfare and the environment by
preventing exposure of receptors to the contaminants;

® Balances remedy selection factors; and

m  Addresses hot spots by removal to an offsite fandfill or treatment by thermal
desorption.

In the comparative analysis (Table 4), the Thermal Treatment Alternative scored
higher overall. The difference between the Thermal and Landfill Alternatives
focused on long-term reliability, implementation risk, and cost. Of these,
implementation risk is low overall for any of these alternatives. If the
implementation risk criterion is not considered, the Landfill. and Thermal Treatment
Alternatives score equally. In this case, we would recommend selecting the lower
cost alternative at the time of construction.

Residual Risk Assessment. The baseline-human health risk assessment identified

 unacceptable risks in Areas A and B under the residential and commercial worker

- scenario. - In addition, in"Area A; there was unacceptable tisk t6 excavation and ™™ -

construction workers (based on lead detected in one sample). There were no
predicted unacceptable risks to surface water receptors {ecological or human) or
terrestrial ecological receptors. Predicted unacceptable risks in Areas A and B
resulted from the potential ingestion and dermal contact with soil containing PAHs,
lead, and arsenic.

Upon implementation of the recommended alternative, the total site risk would be
reduced with the removal of soil contaminated above hot spot {evels, established
cleanup levels, and the regional background level for arsenic. For each area of
concern, we estimated the magnitude of the residual risk remaining on-site after
remediation by removing the data corresponding to samples in the cleanup areas
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from the database and re-calculating the predicted residual risk for the receptors with
unacceptable risk in the baseline risk assessment.

In addition, another objective of the residual risk assessment is to evaluate the
protectiveness of the recommended remedial alternative by evaluating potential
risks from subsurface soil redistribution during property redevelopment.

Therefore, in addition to the residual risk calculations for the human receptor
populations evaluated in the baseline risk assessment, residual risk assessment
calculations were conducted for future residents using the 0 ~ 15 feet bgs depth prism
for soils in Areas A and B separately. While the predicted residual risks are presented
under both the Reasonable Maximum Exposure (RME) and Central Tendency (CT)
exposure conditions, Hart Crowser believes that the CT condition is appropriate for
evaluating potential risks from subsurface soil redistribution. This is because any
subsurface material that will be used for surface cover at the new development will be
mixed with other soil and/or landscaping material and assuming that the subsurface
soil will maintain the current concentrations is an unnecessarily conservative
assumption. The CT exposure condition (which is based on exposure to the arithmetic
mean concentration of COPCs found in the soil prism) already provides a conservative
assumption of potential future exposures because it is likely that subsurface soil
redistributed to the surface would be diluted by mixing. Appendix A of this report
provides all the supporting tables for this residual risk assessment.

The predicted residual risk is summarized as follows.

Area A. The residual risk assessment for future residents and commercial workers
resulted in unacceptable risks. However, all of the unacceptable risk estimates for
Area A resulted from exposure to the RME EPC for arsenic in soil, based on the
‘maximum detected concentration of arsenic in area A. If the mean (or CT)valuefor .=~ "~

_ arsenic.in soil in Area A were used to calculate carcinogenic risks, all ofthe )
predicted residual risk, both for individual and cumulative carcinogenic risks under
either future use scenario would be acceptable. The hazard indices for all future
exposure scenarios resulted in acceptable risks.

The residual residential risk assessment for evaluating the redistribution of
subsurface soil found that the carcinogenic risk to future residents from exposure to
individual carcinogens under the RME condition exceeded the DEQ acceptable risk
fevel of 1 x 10°. Additionally, the RME cumulative carcinogenic acceptable risk
level of 1 x 10° was exceeded for future residents. The calculated cumulative RME
excess lifetime cancer risk for future residents is 5 x 10°. Two COPCs exceeded the
DEQ individual target risk level of 1 x 10%; arsenic and benzo(a)pyrene.. However,

_ all of the risks predicted under the CT condition were acceptable,
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The cumulative RME HI for future residents (evaluation of redistribution of
subsurface soil) is 0.8. The cumulative RME H! was acceptable according to DEQ’s
target risk levels as it was less than the acceptable value of 1.

Area B. The residual risk assessment for future residents and commercial workers
resulted in unacceptable risks. However, all of the unacceptable risk estimates for

Area B resulted from exposure to the RME EPC for arsenic in soil, based on the

maximum detected concentration of arsenic in area B. If the mean (or CT) value for
arsenic in soil in Area B were used to calculate carcinogenic risks, all of the
predicted residual risk, both for individual and cumulative carcinogenic risks under
either future use scenario would be acceptable. The hazard indices for all future
exposure scenarios resulted in acceptable risks.

The residual residential risk assessment for evaluating the redistribution of
subsurface soil found that the carcinogenic risk to future residents from exposure to
individual carcinogens under the RME condition exceeded the DEQ acceptable risk
level of 1 x 10°, Additionally, the RME cumulative carcinogenic acceptable risk
level of 1 x 10° was exceeded for future residents. The cumulative RME excess
lifetime cancer risk for future residents is 1 x 10, However, ail of the unacceptable
risk estimates for Area B resulted from exposure to the maximum detected
concentration of COPCs found in the soil prism evaluated for this risk scenario. All
of the risks predicted under the CT condition were acceptable.

The cumulative RME Hi for future residents is (redistribution of subsurface soit) 0.4.

" The cumulative RME HI is acceptable according to DEQ’s target risk levels as it is

less than the acceptable value of 1. -
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Table 1 N
Soil Cleanup Levels L

Marine Terminal 1 South Feasibillty Study
Portland Oregon : S

COPC ' Cleanup Levels' in mg/kg Hot Spot Level®
Residential Commercial Excavation | Construction-EPA (ma/kg)
Applicable Depth -
Interval (feet from 0-3 - 0-3 0-15 0-15 0-15
ground surface) ‘ v
Benzo(a)anthracene 0.21 L7 270 21 21
Benzo(a)pyrene 0.021 027 27 2.1 2.1
Benzo(b)flouranthene 0.21 o2y 270 21 21
Dibenz(a,h)anthracene 0.021 027 27 21 : 2.1
Indeno(1,2,3-cd)pyrene 0.21 27 270 21 21
Arsenic 53% L 532 220 13 194
Lead® 400 750 _750 750 4,000
. - FADATAMobsWPort of Portiandh15230 Term 1 Suppon\Tach Supp and FS, -OD\Feasibility Study (Table 1)

Notes: '

1. Based on Human Health Risk Assessment (Hart Crowser 2002a), except arsenic (see footnote 3) and lead
(see footnote 5); concentration associated with 1x1 0°® excess cancer risk for individual carcinogen.

2. Conservatively calculated based on 100 times (carcmogens) or 10 times (noncarcinogens) the established
residential Cleanup Level,

3. Based on Statistical Background Concentranon (Hahn and Associates, 2001a).

4. Calculated based on 100 times the acceptable reSIdential risk level. Arsenlc residential soil acceptable
risk level is 0.19 mg/kg.

5. EPA Region 9 Preliminary Remediation Goals (November 2000).
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Table 2
Initial Screening and Evaluation of Technelogies for Soll
Marine Terminal 1 South Feasibllity Study

Sheet 1012

Portland, Oregon
General
Response Soreening
Action Tecnnolog Description Effectivaness Comments
NO ACTICN None No Action Not Effective Retaingd as a baseiing for comparison.
INSTITUTIONAL Access Restriction  Restrict access with physical ancvor legal barriers. Effective at preventing direct contact. p In conj with other Q!
CONTROL,
g L y analyses of soil ' Effective lor documenting conditions and of \Pp to d of other
contaminants ramaining In tha soll. technologles.

REMOVAL E i A of 80il, using conventlional equipment or  Effective to depths of up to 20 to 30 fget, but may require Applicable to shallow source soils.

specialized methods whore needed. dawatering and/or shoring for depths over a few feet.

Olsposal Risposal of excavated soils in suitable landifl. Effective, but does not reduce volume or toxicity of cor PP e tor h g soits. May have future Hability.

CONTAINMENT Cover Cover area of d solt with (or semi- Effectiva at preventing direct contact, Mey reduce mobilization of Appilcable to minimize direct contact with contaminated soll,

penmeable) cover. { otp Infiltration).
IN-SITU BIOLOGICAL
TREATMENT
IN-SITU PHYSICAL/
CHEMICAL THERMAL
TREATMENT

Please refer to note at and of tabla,
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Table 2

Initial Screening and Evaluation of Technologies for Soil
Marine Terminal 1 South Feasibility Study

Portland, Oregon

General

Response

Action Tw Description
IN-SITU PHYSICAL f RS0
CHEMICAL/ THERMAL
TREATMENT
(CONTINUED)

EX-SITU BIOLOGICAL
TREATMENT

EX-SITU PHYSICAY
CHEMICAL/ THERMAL
TREATMENT

Tharmal Waste soiis are haated 1o aither volatilze {desorption and hot
Oesorption/ gas) or 1o anaerobically decompose (pyrolysls) organic
Pyrolysis/ Hot Gas Oft-gas is and treatad.

Etfective In tho teatmer of 30ils contaminated with volatia
organics. Limitations exist on contaminant concentrations,
P y tor hy

Facililias exist thal can th iy treat

tion of metals In

will depand on
the treatment facility).

sol, ity
soll {limited by

Note:
1. Shading represents technologles that have been efiminated from consideration,

Sheot20f2




Table 3

Estimated Costs for Individual Remedial Action Alternatives

Marine Terminal 1 South Feasibility Study

Portland, Oregon

| Quantity Unit Unit Cost Extension
No Action
Entire Site Estimated Cost
Cover/Deed Restriction with Hot Spot Removal
Capital Costs
Deed Restriction 1ls $15,000 $15,000
Mobilization Earthmoving Equipment ils $10,000 $10,000
Excavation 480 tons $2 $960
Backfilling 480 tons $10 $4,800
Site Grading 1.2 acre $2,000 $2,400
Base Course 3,300 tons $10 $33,000
Asphalt Concrete Pavement 51,200 sf . $1 $51,200
Haul to Landfill Non-Hazardous 370 tons $75 $2,775
Disposal Landfill Non-Hazardous 370 tons $30 $11,100
Haul to Landfill Hazardous 110 tons $21 $2,310
Disposal Landfili Hazardous 110 tons $120 $13,200
Dust Controf 10 day $150 $1,500
Design/Work Plan/Procurement 1 lump sum $20,500 $20,500
Subcontractor Oversight 10 day $1,500 $15,000
Report 1 lump sum $8,000 $8,000
10% Contingency on Capital Cost $19,175
Total Capital Cost $211,000
Long-Term Cosis (Present Value®)
Cover Maintenance 30 years $3,000 $35,500
Engineering Oversight 30 years $2,500 $29,600
5% Contingency on LT Cost $3,255
Present Worth Long-Tem Cost $68,400
Entire Site Estimated Cost $280,000
Excavation/Off-site Landfill Disposal
Mobilization Earthmoving Equipment 1ls $10,000 $10,000
Excavation 8,500 tons $2 $17,000
Backfitling 8,500 tons $8 $68,000
Haul to Landfill Non-Hazardous 8,020 tons $75 $60,150
Disposal Landfill Non-Hazardous 8,020 tons $28 $224,560
Haul to Landfill Hazardous 480 lons $21 $10,080
Disposal Landfill Hazardous 480 tons $120 $57,600
Dust Control 15 day $150 $2,250
Design/Work Plan/Procurement 1 lump sum $20,500 $20,500
Subcontractor Oversight 15 day $1,500 $22,500
Report 1 lump sum $8,000 $8,000
10% Contingency on Capitat Cost $50,064
Entire Site Estimated Cost $651,000
Excavation/Soil Treatment by Thermal Desorption
Mobilization Earthmoving Equipment 1is $10,000 $10,000
Excavation 8,500 tons $2 $17,000
Backfilling 8,500 tons $8 $68,000
Haul to Landfill Hazardous 480 tons $21 $10,080
Disposal Landfilt Hazardous 480 tons $120 $57,600
Haul to Thermal Desorption 8,020 tons $45 $36,090
Treatment 8,020 tons $32 $256,640
Dust Control 15 day $150 $2,250
Design/Work Plan/Procurement 1 ump sum $20,500 $20,500
Subcontractor Oversight 15 day $1,500 $22,500
Report 1 fump sum $5,000 $5,000
10% Conlingency on Capilal Cost $50,566
" Entire Site Estimated Cost $557,000

Note:

FADAT AGbs\Port of Porfandh 15230 Term 1 Supporl ech Bupp and FS, -00F casbily Swdy (7a0Me 3)

* Present value costs calculated with an annual discount of 7.5 percent.

POPT1S600956
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Table 4

Comparison of Remedial Action Alternatives
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Alternative Effectiveness Long-Term Reliability implementabili Implementation Risk Score Rank
Soil AiBlc|lbplAaiBlc|lplalBlc Alslelpialetclo
A No Action - - - - - - + + + + + + + + 3 4
Cover/Deed Restriction with
B Hot Spot Removal by 5 - > = - * . - + | = . = ey 3 3
C Off-Site Landfill Disposal + + 0 + + . - + . - . . . ki 1 2
Treatment by Thermal
D Desorption/Limited + + 0 + + + - + 0 - - + - - - 1 1
Off-site Landfiil Disposal
FADATAVobs\Port of Portland\15230 Term | vpm pp and F§, ity Study (Tabla 2 and 4)

Notes:

. + = The alternative is favored over the compared altemnative (score=1)

. 0 =The alternative is equal with the compared alternative (score=0)

. - = The alternative is less favorable than the compared alternative (score=-1)
. Rank based on both protectiveness and balancing factors.

S ON

Key to Comparison Grid

R
Technology A

Technology B

Technology C

Criteria

Technology D




Site Location Map
Terminal 1 South Feasibility Study
Port of Portland, Portland, Oregon

FADATAVobs\Puort of Portland\15230 Term 1 Supoort\FS\Figures\1523000 01 (Site Locs

g S s FST 59 3 IRV . S < v 3 ]
R R S A R A S s

Note: Base map prepared from the USGS 7 .5-minute quadrangle of Poriland, O

Scale in Feet
Contour Interval 10 Feet

=

S

: Portland i

15230 6/02
Figure 1

POPT1S600958



Site Plan

Terminal 1 South Feasibility Study
Port of Portland, Portland, Oregan
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fote: Baso map prepered rom an AuloGAD fle provided by Olson Englneering, 8/27/01,

“#  Maul Foster and Alongl, inc. Push Praba Boring Localion and Number (March 1998}
% HAl Push Probe Boring Location and Nurmber (2000)
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HAI Monitaring Well Location and Number (2001)
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Flgure 2
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Soil Samples Exceeding Cleanup Levels
- Terminai 1 South Feasibiiity Study

" Port of Portland, Portiand, Oregon

Note: Baso
wagend;
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map prepared rom an AutoCAD Mo Mu b.'l OMnE;\;huMm 27001,

Maul Foster and Along, ing. Push Probe Boring Location

and Number (March 1698)
HAI Push Probe Boring Location and Number (2000)
HAI Monitoring Well Lacation ard Number (2001)

Cm

Cn

R = Residentiai (0-3 Ft.), Cm = Commercal {0-3 Ft.)
€ = Excavation/Utility Werker (0-16 F1)
Cn = Gonstruction Worker (0-15 Ft.)

PAlMs Abova Cleanup Level for Corresponding Exploration
Metais Above Cleanup Level for Corresponding Exposure
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Hot Spot

18230
Figure 3
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Location of Soil Above Cleanup or Hot Spot Levels
Terminal 1 South Feasibility Study
Port of Portland, Portland, Oregon
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Table A-1
Residual Risk Assessment (Samples Removed for Residual Risk Assessment)
Marine Terminal 1 South Feasibility Study
Portland, Oregon

B-52 2
B-64/64a 25
B-65/65a 25
B-87 25
B-89 2.5
B-92 10

CATAL ARG of Porteni 15230 Term | SuppesdF sasbilly ST APpani:s A Tablos (Tabis A-1 Surplas Remowel s ARA)

POPT1S600963



Table A-2

Revised Exposure Point Concentrations: Residual Risk Asssessment Soil and Groundwater
Marine Terminal 1 South Feasibility Study

Portland, Oregon

Analyte Maximum | Distribution |90 % ycy| Arithmetic EPC
Mean AME | CT

AREA A: SURFACE SOIL (0 to 3 feet bgs)
Metals in mg/kg

Arsenic 7.83 Lognormal 1.4E+01 2.4E+00 7.5E+00 {2.4E400

Lead 28.1 Lognormat 376402 | 9.5E+00 | 2.8E+01 |9.5E+00
TPH in mg/kg

Diesel Range 452 | Assm. Lognommal| 2.7E+01 | 2.0E+01 | 2.7E+01 |2.0E+01

Oil-Range 191 Assm. Lognormal | 6.1E+01 | 4.5E+01 | 6.1E+01 |4.5E+01
AREA A: GROUNDWATER

Tetrachioroethene [ 266 "Maximum 2764001 1.2E100 | 2.7E+00 | 1.2E+00}
AREA B: SURFACE SOIL (0 to 3 feet bgs)'
Metals in mg/kg

Arsenic 3.1 Maximum 3.1E+00 | 3.0E+00 | 3.1E400 |3.0E+00
TPH in mg/kg

Oil-Range 6030 Maximum 6.0E403 { 1.6E+03 | 6.0E+03 |1.6E+03
AREA B: GROUNDWATER

Chloroform [ 208 Maximum 21E+00 | 7.3E-01 | 2.1E+00 | 7.3E-0%

DAT A\Jobt\Port of P 15230 Yoren 3 egslblity Study\Appendix A Tablss {Table A-2, EPC residentioh

Note:

1. Only metals and TPH were detected in sampled remaining after cleanup (f.e., PAHs were not detected).

Acronyms and Abbreviations:
EPC = Exposure point concentration
PAHSs = Polynuclear aromatic hydrocarbons
RME = Reasanable maximum exposure

CT = Central Tendency
SQL = Standard quantification limit
NA = Not apptlicable

POPT1S600964
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Sheet 1 of 4

Table A-3 - Area A Residual Risk Calculations
Soll Ingestion, Resident
Marine Terminal 1 South Feasibility Study

Portland, Oregon
!
Compounds of Soil EPC in mg/ky Hazard Intake Hazard Quotient Cancer ntake Cancer Risk
Potential Concern __In mg/kg-day In mg/kg-day
RME CT_ RME cT RME | CT RME cT RME cT
Metals : .
Arsenic 7.5E+00 | 2.4E+00 1.9E-04 1.8E-06 6.4E-01 5.8E-03 2.0E-05 1.6E-07 3.0E-05 2.4E-07
' - | TOTAL HAZARD INDEX] 6.E-01 6.E-03 | TOTAL CANCERRISK | 3.E-05 | 2.E-07
' . DATAUGDs\Port of Portlandh13250 Term 1 SupporfiEaasibiity Stcty\ppondia A Tablas\Reskiua) RisX Assasamont Tabisa (Toblo A<D Aroa A Fosidential Risk Caics Roticusl)
Notes:

1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-3 - Area A Residual Risk Calculations

Dermal Contact with Soil, Resident

Marine Terminal 1 South Feasibility Study

Portland, Oregon

Sheet 2 of 4

Compounds of Soil ERPC in mg/kg Hazard Intake Hazard Quotient Qancer Intake Cancer Risk
ABS in mg/kg-day in mg/kg-day
Potentlal Concern
RME CT RME CT RME CT RME CT RME CT
Metals . .
Arsenic 0.03 | 7.5E+00 2.4E+00 7.2E-05 7.1E-07 2.4E-01 2.4E-03 6.8E-06 6.3E-08 1.0E-05 9.4E-08
; TOTAL HAZARD INDEX| 2.E-01 2.E-03 TOTAL CANCER RISK 1.E-06 9.E-08
. DATAVIObIPoR of POrANcNI 5330 Tarm 1 SpporfF otaibilty STUC/ARpendb: A TabsaFesdual FISK Assassment Takias (Tabii A-3 Azoa A Fosionwal ek Caka Fiesuah)
Notes: :

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration
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Table A-3 - Area A Residual Risk Calculations
Vapor Inhalation (Indoor Air), Resident
Marine Terminal 1 South Feasibility Study

Portland, Oregon

Shest 3 of 4

Compaunds of
Potential Concern

Alr EPC in mg/3

Hazard Intake
in mg/kg-day

Hazard Quotlent

Cancer Intake
in mg/kg-day

Cancer Risk

RME | 'CT

RME | CT

RME CcT

RME cT

RME CT

Volatile Organic Compounds
Tetrachloroethene

1.2E-05 | 1.2E-05

6.4E-06 6.4E-06

7.6E-05 7.6E-05

1.4E-08 6.5E-07

3.6E-09 1.7E-09

Notes:

TOTAL HAZARD lNDEX

8.E-05 8.E-05_

TOTAL CANCER RISK

4.E-09 2.E-09

B

H
i
.

1. RME = Reasonable Maximum Exposure -

2. CT = Central Tendency

3. EPC = Exposure Point Concentration

DATAMCDS

Foriend\ 15230 Tem 1 S caciinly bYWYMMRA TaTOCRGHHAR BA Axsassmert o563

fabie A< Aroa A Hasidenkal Risk Caled Rackvah
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Table A-3 - Area A Reslidual Risk Calculations
Fugitive Dust Inhalation, Resident Ny
Marine Terminal 1 South Feasibility Study

Portiand, Oregon

Sheet 4 0of 4

Compoundsof . | PEF | AlrEPCInmg3 Hazard Intake Hazard Quotient - Cancer Intake Cancer Risk
. 3 i in mg/kg-day in mg/kg-day
Potential Concern | in m°/kg
RME CT BME CT RME CT RME CT RME CT
Metals L _
Arsenic 1.32E+09| S5.7E-09 | 1.8E-09 3.0E-09 9.6E-10 - - 6.7E-10 8.9E-11 1.0E-08 1.5E-08
i * | TOTAL HAZARD INDEX| 0.E+00 0.E+00 | TOTAL CANCER RISK 1.E-08 1.E-09
’ 4 : DATAWoDSWort of Porlwi 15220 Terin 1 SupportFemibiRy SudAApocndx A TadiottRotiud Risk Awstsament Tetien (Tabia A0 Aren A Residential Rk CGales Residud)
Notes: !

1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-4 - Area A Residual Risk Calculations
Soil Ingestion, Commercial Worker
Marine Terminal 1 South Feasibility Study

Portland, Oregon

Shest 1 of 4

Compoundsof | Soil EPC Inmglkg,, | @ "ezare intake Hazard Quotient ?:'::/L'"?:" Cancer Risk
Potential Concemn grigcay s
RME CT RME  CT_ RME CT RME . CT RME CT

Metals N :

Arsenic 7.5E+00 2.4E+00 7.4E-06 1.2E-06 2.5E-02 3.9E-03 2.6E-06 1.0E-07 3.9E-08 1.5E-07

TOTAL HAZARD INDEX| 2.E-02 4.E-03 TOTAL CANCER RISK 4.E-06 __2.E-07
CATAUcha\Port ¢t F 216230 Term 1 Supp CONRTY STUTAADP: A TROIRAROSAU) Fisk ASSOSSMONt 18blsa (10510 A4 Aroa ACummln:ll Rigk Caico Roslduan

Notes: ;

1. RME = Reasonable Maximum Exposure ; *

2. CT = Central Tendency

3. EPC = Exposure Point Concentration
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Table A-4 - Area A Residual Risk Calcuiations

i

1

Dermal Contact with Soil, Commercial Worker
Marine Terminal 1 South Feasibility Study .

Portland, Oregon

Sheet20f 4

. Intake - .
Compounds of Soil EPC in mg/kg P'lazard Intake Hazard Quotient Cancer Intake Cancer Risk
ABS o . in mg/kg-day in mg/kg-day
Potential Concern :
RME CT RME CcT RME CT RME CT RME cTY
Metals . )
Arsenic 0.03 | 7.5E+00 2.4E+00 7.3E-07 1.8E-07 2.4E-03 6.0E-04 2.6E-07 1.5E-08 3.9E-07 2.3E-08
o TOTAL HAZARD INDEX| 2.E-03 6.E-04 TOTAL CANCER RISK 4.E-Q7 2.E-08
] DATAJGhiPor of POranc G20 Tarm | SuppomFoatbiy SISHponan A TADTEIVoROum FITK AT005m o TeLIes (1 8bk Ak Aron A COmmercit! Ak Colcs ROGHu]
Notes:

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration



1/6009S11d0Od

Sheet30of 4

Table A-4 - Area A Residual Risk Calculail'ons
Vapor Inhalation {(Indoor Air), Commercial Worker
Marine Terminal 1 South Feasibility Study
Portland, Oregon

: Hazard Intake Cancer Intake CSF
Cancer Rlisk
Compounds of Alr EPC In mg/3 In mg/kg-day Hazard Quotlent in mg/kg-day in (ma/ke- n 13
Potential Concern dav)-1 -
RME cT RME CcT RME CcT RME CcT ay)- RME cT
Volatile Organic Compounds . .
Tetrachloroethene 4.0E-06 | 4.0E-06 |' 5.9E-07 5.9E-07 5.4E-06 5.4E-06 2.1E-07 5.1E-08 2.6E-03 5.5E-10 1.3E-10
TOTAL HAZARD INDEX!| 5.E-06 5.E-06 TOTAL CANCER RISK | 8.E-10 1.E-10

DAYAJsta\Port of Fhmmszsb'lonn 1 auppn\ru.iuw SnviyAopondta ATab\oM-da-t Risk Azsaswront Tatley (TAI® A6 Aroa A Cammardal Riksk Caivs Resicval)

Notes:

1. RME = Reasonable Maximum Exposurs : _
2. CT = Central Tendency N
8. EPC = Exposure Point Concentration e
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" ' Sheet 4 of 4

: ‘ ] ‘;' ~:
.1;1 | .

Table A-4 - Area A Residual Risk Calculations
Fugitive Dust Inhalation, Commercial Worker
Marine Terminal 1 South Feasibility Study -
Portiand, Oregon ‘

' tak
Compounds of PEF Alr EPC in mg/3” Hazard Intake Hazard Quotient Cancer Intake Cancer Risk
3 In mg/kg-day in mg/kg-day
Potential Concern | in m%kg
RME CT . RME CT RME cT RME CcT RME cT
Metals T
Arsenic 1.32E+09| 5.7E-08 | 1.8E-09 8.5E-10 2.7E-10 - - 3.0E-10 2.3E-11 4.5E-09 3.5E-10
) ' | TOTAL HAZARD INDEX|{ 0.E+00 0.E+00 { TOTAL CANCER RISK 5.E-09 3.E-10
. ! A : OATAJobs\Port of Purdandh15230 Term 1 SuppaFousdilly S tApperwis A Tablesi Raaldadl Rick Assoozment Taltes (Tatio A< Area A Commoniel Risk Gules Resloua)
Notes:

1. RME = Reasonable Maximum Exposure . o
2. CT = Central Tendency '
3. EPC = Exposure Point Concentration



o | | Sheet 1 of 4

W‘i: '
Table A-5 - Area B Residual Risk Calculations
Soil Ingestion, Resident 1,

Marine Terminal 1 South Feasibility Study
Portland, Oregon

£/6009S 1 1dOd

t
Compounds of Solil EPC in mg/kg ?:T:;?kmj:e Hazard Quotient ?:'::/L'gn_::; Cancer Risk
Potential Concern W g-cay
RME CT © RME CT RME CcT RME CcT RME CT
Metals .
Arsenic 3.1E+00 3.0E+00 | 7.9E-05 22E-06 | 2.6E-01 7.3E-03 8.3E-06 2.0E-07 1.2E-05 3.0E-07
TOTAL HAZARD INDEX 3.E-01 7.E-03 TOTAL CANCER RISK 1.E-05 3.E-07
BAT AdahaPort of PORnd 15230 Term | BUpPCHF 00sIbity StUGyvAppandis A TAbIGIFIOSIAI Fikk Azaossmont Tables (1atlo AS A7oS B Resicamisl Risk Caloa Revikdusl)

1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency i
3. EPC = Exposure Point Concentration
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P : Sheet 2 of 4

'
U

Table A-5 - Area B Resudual Risk Calculatlons !
Dermat Contact with Soil, Resident ! : ’,.’ \
Marine Terminal 1 South Feasibility Study '
Portland, Oregon S

Compounds of ABS Soil EPC in mg/kg li-l:zl:;!kln-t::e Hazard Quotient ?:r:;l:;t::; Cancer Risk
Potential Concern gy
|ME CT RME CT RME CT RME CT RME CcT
Metais .
Arsenic 0.03 | 3.1E+00 3.0E+00 3.0E-05 8.9E-07 9.9E-02 3.0E-03 2.8E-06 7.9E-08 4.2E-06 1.2E-07
| TOTAL HAZARD INDEX| 1.E-01 3.E-03 TOTAL CANCER RISK 4.E-06 1.E-07
. A' ' : BAT AJOb\F ol of PorBnd\I 5230 Torm 1 SURPOTIF 0asikiily STIyVAPDGNGX A T abioavRosiaual FUsk Asneasmunt TD10s (12670 A-5 Area D Pssidorgial FRiaX Calca Roakdual)
Notes: .

1. RME = Reasonable Maximum Exposure A !
2. CT = Central Tendency e
3. EPC = Exposure Point Concentration s
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Table A-5 - Area B Residual Risk Calculaiibné
Vapor Inhalation (Indoor Air), Resident
Marine Terminal 1 South Feasibility Study "

Portiand, Oregon

h
B U

Sheet3of 4

Compounds of Ind.o or Alr EPC || Hazard Intake Hazard Quotient ?ancer Intake Cancer Risk
Potential Concern in mg/m ___In mghkg-day n mgfkg-day
RME CT BME CcT RME CT RME CT RME CT
Volatile Organic Compounds I ‘
Chloroform 2.8E-06 | 9.7E-07 | 1.5E-06 | 5.1E-07 1.7E-02 6.0E-03 3.3E-07 5.3E-08 2.7E-08 4.3E-09
TOTAL HAZARD INDEX| 2.E-02 6.E-03 | TOTAL CANCERRISK | 3.E-08 4.E-09

Notes:

. CT = Centrai Tendency

I NEAJ U

. EPC = Exposure Point Concentration

DATAUcha\Fon ol PoAtandh1 8230 Term 1 suw\lethy SWIAATDeE A Tabea\Foskiual Risk Aspassmont Tabims (T

. Indoor Air EPC modeled from maximum detected groundwater concentration using DEQ’'s RBDM Guidance (DEQ, 2001b).
. Qutdoor Air not evaluated since indoor air risks and hazards were acceptable
RME = Reasonable Maximum Expasure

‘able A-5 Ao B Rosdontial Risk Cales Residual)
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Table A-5 - Area B Residual Risk Caiculahons‘
Fugitive Dust Inhalation, Resident
Marine Terminal 1 South Feasibility Study, )

Portland, Oregon

Sheet 4 of 4

Hazard intake

Cancer Intake

5| Cancer Risk
. ;:m:;xg]::czfr . PE:‘I;-'k Alr EPCin mg{s in mg/kg-day Hazard Quotient In ma/kg-day ance!
nm T
g RME CT. RME CT RAME CcT RME CT RME CcT
Metais T
Arsenlc 1.32E+09| 2.3E-09 } 2.3E09 1.2E-09 1.2E-08 - -- 5,9€-10 1.2E-10 8.9E-09 1.9E-09
’ 1 TOTAL HAZARD INDEX| 0.E+00 0.E+00 TOTAL CANCER RISK 9.E-09 2.E-09£
B5.00E+00
Notes: ' !
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration L
3 ! |
P
' J '
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Sheet 1 0f 3
. ‘
Table A-6 - Area B Residual Risk Calculations

Soil Ingestion, Commercial Worker ', |

Marine Terminal 1 South Feasibility Study

Portland, Oregon

i

Compounds of Soll EPC in mg/kg B I;I::;kln.::e Hazard Quotient ?:r::ge;kln.t‘;a:e Cancer Risk
Potential Concern e g-day g-cay
RME CcT «  RME 'CT RME CT RME CT RME CcT
'——-'=--—_\‘ - ———— e —

Metais 1

Arsenic 3.1E+00 3.0E+00 3.0E-06 1.5E-06 1.0E-02 4.9E-03 1.1E-06 1.3E-07 1.6E-06 1.9E-07

) TOTAL HAZARD INDEX| 1.E-02 5.E-03 TOTAL CANCER RISK 2.E-06 2.E-07
e OATAGSBRPON of Porond 5230 Temm 1 SuppartFeosimilty SrdvAppords A TabloFaRdUl RIk ASZO36Man: Tabks (13010 A6 AToa B Cammarcol Risk Gakes Rosdusl)

Notes:

1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration



8.6009S | 1d0d

Table A-6 - Area B Residual Risk Calculatlons
Dermal Contact with Soil, Commercial Worker
Marine Terminal 1 South Feaslbuny Study

_ Portland Oregon

1
'

Sheet 2 of 3

Compounds of ABS Soii EPC in mg/l'<g ?:ﬁ;kln_ﬁ‘e Hazard Quotient ?:r:ge;;(gt?:: Cancer Risk
Potential Concern — g-cay
. RME cT RME CcT RME CT RME CT RME CT
Metals L !
Arsenic 0.03 ! 3.1E+00 3.0E+Q0 3.0E-07 2.3E-07 9.9E-04 7.5E-04 1.1£-07 1.9E-08 1.6E-07 2.9E-08
b TOTAL HAZARD INDEX 1.E-03 8.E-04 TOTAL CANCER RISK 2.E-07 _3.E-08
P DAT At BiPort of Perlanch 15230 Tomm | Supporiy-oa3bRy SIUSAAPRNam A TableFiooua Fish AZSSESTOM T5ies (14510 A-6 Arca B Commercial Fisk Colce Fasicl)
Notes: G

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration
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Sheet 30f 3

Table A-6 - Area B Risk Calculations
Fugitive Dust Inhalation, Commercial Wdrker'_
Marine Terminal 1 South Feasibility Study .

Portiand, Oregon ! o,
R

Gompounds of " PEF Alr EPCin mlgllls AE :‘a:;jlk(n-t::e Hazard Quotient (I::r';cge;;(lgn-;a:; Cancer Risk
Potentlal Concern | In m%kg — i
RME CT [+ RME CT RME CcT RME CT RME CT

Metals = T ,

Arsenic 1.832E+09| 2.3E-09 2.3E'-09 . 3.5E-10 3.4E-10 -- .- 1.2E-10 2.9E-11 1.9E-09 4.3E-10

"1 | TOTAL HAZARD INDEX| 0.E+00 0.E+00 | TOTAL CANCER RISK | 2.E-08 4.E-10
DATAN st ot of Porlnd 15230 Tem 1 SuppartFezsitility StudpAppendx A TabiosiResdual Ril Aztpunont Tidies (Table A0 Area D Commercial Risk Caa Roa!du)

Notes: : -"

1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration



Table A-7 F

Residual Risk and Hazard Summary: By Exposure Pathway
Marine Terminal 1 South Feasibility Study

Portland, Oregon L

i RME Cancer Risk RME Hazard Index

SubArea | Exposure Scenario . ., |Inhalation of| Inhalation of . Inhatation-of {Inhalation of
Ingestion | Dermal Vola;izles Dust TOTAL Ingestion Demal Volatiles Dust TOTAL
Area A |Resident 3.E-05 | 1.E-05 | 4.E-09 1.E-08 8.E-01 2.E-01 8.E-05 - 0.E+00 8.E-01
. Commercial Worker | 4.E-06 4.E—O7:3 N 6.E-10 5,E-09 2.E-02 2.E-03 5.E-08 0.E+00 2.E-02
Area B {Resident 1.E-05 | 4E-068" | 3.E-08 S.E-09 1.E-05 3.E-01 1.E-01 2.E-02 0.E+00 4.E-01
) Commercial Worker { 2.E-06 | 2.E-07 NA 2.E-09 2.E-08 1.E-02 1.E-03 NA 0.E+00 1.E-02
I 1
R
'+ CT Cancer Risk CT Hazard Index
SubArea | Ex i i . i i ' , i i
posure Scenario Ingestion | Dermal’ lnhalatlp n of Inhatation of TOTAL Ingestion Dermal Inhalatlp n of |Inhalation of TOTAL
- Volatites Dust Volatiles Dust
Area A |Resident 2.E-07 | 9.E-08 2.E-09 1.E-09 3.E-07 6.E-03 2.E-08 8.E-05 0.E+00 8.E-03
Commercial Worker | 2.E-07 | 2E-08 | 1.E-10 3.E-10 2.E-07 4.E-03 6.E-04 5.E-08 0.E+00 5.E-03
Area B {Resident 3.E-Q7 1.E-07 4.E-09 2.E-09 4.E-07 7.E-03 3.E-03 6.E-03 0.E+00 2.E-02
Commercial Worker | 2.E-07 | 3.E-08 NA 4.E-10 2.E-07 5.E-08 - 8.E-04 NA 0.E+00 6.E-03
DATAOLIP & of PoMandh 5230 Term § Suppac\F e Ry SUCApFand A T ABL Tabies (Tabie A-TaNe A'7 &0 A6 RBX 50m Rtaxhsed)

086009S 1 1d0d

Note: '
1. Shaded boxes indicate. exposure scenaros that exceed the DEQ’s acceptable risk targets.



Table A-8
Residual RME Risk Summary: By COPC
Marine Terminal 1 South Feasibility Study

Portland, Oregon
‘ AME Cancer Risk
SubArea | Exposure Scenario COoPC | i D | Inhalation | Inhalation
ngestion | Dermal | ¢ volatiles | of Dust
Area A |Resident Arsenic 3.E-05 | 1.E-05 na 1.E-08
Commercial Worker Arsenic 4E-068 | 4.E-07 na 5.E-09
Area B |Resident Arsenic 1.E-05 | 4.E-06 na 9.E-09
Commercial Worker Arsenic 2.E-06 | 2.E-07 na 2.E-09
DATAMobE\Port of Portland 15230 Texm 1 Supp ly Swdy\A, A T ablosRecidual Fick Assecamsnt Tables (Tablo A-Tabie A-7 and A-8 Risk Bum Resldua)

Note:

1. Shaded boxes indicate COPC that exceeds the DEQ's acceptable rigk target.

POPT1S600981



Table A-9

Exposure Point Concentrations for Soil Redistribution Residual Risk Assessment
Marine Terminal 1 South Feasibility Study

Portland, Oregon

P Arithmetic EPC
Analyte Maximum | Distribution {90 % UCL Mean RIE l CT
AREA A: TOTAL SOIL (0 to 15 feet bgs)
PAHs in mg/kg '
Benzo(a)anthracene 1.76 Weak Lognormatl | 1.1E-01 1.0E-01 1.1E-01 | 1.0E-01
Benzo(a)pyrene 1.86 Weak Lognormal | 1.2E-01 1.1E-01 1.2E-01 | 1.1E-01
Benzo(b)fluoranthene 1.08 Weak Lognormal ; 1.1E-01 8.6E-02 1.1E-01 | 8.6E-02
Dibenz(a,h)anthracene 0.0176 Maximum 3.9£-02 3.8E-02 1.8E-02 | 1.8E-02
Indeno(1,2,3-cd)pyrene 1.09 Weak Lognormal | 8.3E-02 7.6E-02 8.3E-02 | 7.6E-02
Metals in mg/kg :
Arsenic 11.2 Lognormal 7.4E+00 | 3.0E400 7.4E400 | 3.0E+00}
Lead 28.1 Lognormal 5.4E+01 9.3E+00 2.8E+01 [9.3E4+00
TPH in mg/kg
Diesel Range 1170 | Assm. Lognormal | 5.8E+01 7.8E+01 7.8E+01 |7.8E+401
Cil-Range 1760 Assm. Lognormal | 1.2E+02 1.6E+02 1.6E+02 | 1.6E+02
AREA B: TOTAL SOIL (0 to 15 feet bgs)
PAHSs in mg/kg
Benzo(a)anthracene 1.51 Lognormal 5.2E+00 4.6£-01 1.5E+00 | 4.6E-01
Benzo(a)pyrene _ 1.45 Lognormal 5.5E+00 4.8E-01 1.5E+00 | 4.8E-01
Benzo(b)fluoranthene 1.28 Lognormal 3.8E+00 4.0E-01 1.3E+00 | 4.0E-01
Dibenz(a,h)anthracene 0.247 Lognormal 4 2E-01 1.3E-01 2.5E-01 { 1.3E-01
indeno(1,2,3-cd)pyrene 0.718 Lognormal 1.7E+00 2.8E-01 72E-01 | 2.8E-01
Metals in mg/kg
Arsenic h ~36 " Maximum 3.6E+00 | 29E+00 | 3.6E+00 |{2.9E+00
TPH in mg/kg '
Diesel Range 3440 Assm. Lognomal | 7.4E+02 3.1E+02 7.4E+02 |3.1E+02
Oil-Range 20700 | Assm. Lognormal| 9.9E+03 1.9E+03 9.9E+03 |1.9E+03
_ . DATAUobs\Port of Porfland\15230 Term 1 Suwofl\Tech Sq:p and Fs oml-'ewbﬂry Su!Mpom.u ATeb i £

Acronyms and Abbrevlatlons o=

“EPC = Exposure point concentration-
PAHs = Polynuclear aromatic hydrocarbons

RME = Reasonable maximum exposure

CT = Central Tendency -~ ~=
SQL = Standard quantification hmrt

T Reaidust Fisk Tat

NA = Not applicable

bies (A5 EPC Sod Rod

POPT1S600982

iotribution residunf)
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Table A-10 - Area A Residual Soll Redlstnbutlon Risk Calculations
Soil Ingestion, Resident
Marine Terminal 1 South Feasibility Study

Portiand, Oregon

'i.

Sheet 1 of 4

. il o
Compounds of Soit EPC in mg/kg, I::zn:;?kh-'_?:e Hazard Quotient ?:n:a;;gl;t::e Cancer Risk
Potential Concern : g-daay g 14
RME CT RME CT RME CT RME CT RME CT
PAHs b
Benzo(a)anthracene 1.10E-01 | 1.00E-01 | - 2.8E-06 7.3€-08 - - 2.9E-07 6.6E-09 2.1E-07 4.8E-09
Benzo{a)pyrene 1.20E-01 1.10E-|01 1% 3.1E-06 8.0E-08 - - 3.2E-07 7.3E-09 2.3E-06 5.3E-08
Bénzo(b)fluoranthene 1.10E-01 | 8.60E-02 | .2.8E-08 i 6.3E-08 - - 2.9E-07 5.7E-09 21E-07 4.1E-09
Dibenz(a,h)anthracense 1.80E-02 | 1.80E- 02 1 4,6E-07 1.3E-08 - - 4.8E-08 1.2E-09 3.5E-07 8.7E-09
Indeno(1,2 3-cd)pyrene 8.30E-02 | 7.60E- 0[2 . 2.1E-06 5.6E-08 - -- 2.2E-07 5.0E-09 1.6E-07 3.7E-09
Metals ;
Arsenic 7.4E+00 3.0E+OO '1.9E-04 - 2.2E-08 6.3E-01 7.3E-03 2.0E-05 2.0E-07 3.0E-05 3.0E-07
i | TOTAL HAZARD INDEX| 6.E-01 7.6-03 TOTAL CANCER RISK 3.E-05 4.E-07
, | DATANIGh&Pon of PoHIanG\BZ30 Torm 1 SuppomiToah SUFp and FS, OO Gasbiky St APpandix A 1 Fosidual Rizk Tohioa (A-10 Arad A Fosidantall 803 Redat ROl RisK)
g
Notes: i !

1. RME = Reasonable Maximurn Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration

|
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Table A-10 - Area A Residual Soil Redlsfribution Risk Calculations
Dermal Contact with Soll, Resident :
Marine Terminal 1 South Feasibility Study

Portland, Oregon

i
]

Il o

-~ Il

Sheet 2 of 4

Compounds of ABS Soil EPC in mg/kg :ina:;klrtt::e Hazard Quotient ?::;;‘1?:9 Cancer Risk
Potential Concern _ - g-day g-cay
RME CT RME CT RME CT RME CT RME CT
PAHs S
Benzo(a)anthracense 0.13 | 1.10E-01 | 1.00E-01 4,6E-06 1.3E-07 - -- 4.3E-07 1.1E-08 3.1E-07 | 8.3E-09
Benzo(a)pyrene _ 0.13 | 1.20E-01 | 1 H0E-01 5.0E-06 1.4E-07 - - 4.7€-07 1.2E-08 3.4E-06 { 9.1E-08
Benzo(b)fluoranthene 0.13 | 1.10E-01 | 8.60E-02 4.6E-06 1.1E-07 - -- 43E-07 | 9.8E-09 3.1E-07 | 7.1E-09
Dibenz(a,h)anthracene | 0,13 | 1.80E-02 | 1 -80E-02 7.5E-07 2.3E-08 - - 7.0E-08 2.0E-09 5.1E-07 | 1.5E-08
Indeno(1,2,3-cd)pyrens | 0.13 | 8.30E-02 7;605-02 3.4E-0!6 9.7E-08 -- - 3.2E-07 8.6E-09 2.4E-07 | 6.3E-09
Metals X :
Arsenic 0.03 | 7.4E+00 | B3:0E+00 7.1E-05 8.9E-07 2.4E-01 3.0E-03 6.7E-06 7.9E-08 1,0E-05 | 1.2E-07
rii;: o TOTAL HAZARD INDEX| 2.E-01 3.E-03 TOTAL CANCER RISK 1.E-05 2.E-07
"l DATAMboVPGR of Ponind 15330 Tarm | BupCorl ooh GUnp and FG, -COF ARERIY Sludy\Appancix & 1 Raoxranl Riak Tabke (A-10 Aros A Residenial Bol Rodisl Roaidual FUsR)
Notes: '

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration
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!
- !
Table A-10 - Area A Residual Soil Redistribution Risk Calculations
Vapor Inhalation (Indoor Air), Resident, ' '
Marine Terminal 1 South Feasibllity Study
Portland, Oregon

Sheet 3 of 4

In'door Air EPT’: -' Hazard Intake ' Cancer Intake
Compounds of in ma/m® in ma/kg-day Hazard Quotient in mg/kg-day Cancer Risk
T
Potential Concern RME | cT | RME cr RME cT RME cT RME cT
Volatile Organic Compounds C .
Tetrachloroethene 1.2E-05 | 5.2E-06 6.4E-08 2.8E-06 7.6E-05 3.3E-05 1.4E-06" 2.8E-07 3.6E-09 7.4E-10
‘ [__TOTAL HAZARD INDEX| 8.E-05 3.E-05 TOTAL CANCER RISK 4.E-008 7.E-10

| OATAVobaPor of Pcnhnd\lsm Tarm 1 SuppocT ch Susd ard F8, D0 0salaty Sty APROndE: & T
t

Notes:

1. Indoor Alr EPC modsled from maximum dstectad groundwater concentrauon using DEQ’'s RBDM Guidance (DEQ, 2001b).

2. Qutdoor Air not evaluated since indoor air risks and hazards were acceptable.
3. RME = Reasonable Maximum Exposure i .
4. CT = Central Tendency yl .‘-'I'_-

5. EPC = Exposure Point Concentration it

i Mﬂlﬂ\l‘( Tantos (A 10 Arod A Rasideniod il Fledial Roakaual RK)
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Table A-10 - Area A Residual Soil Redistribution Risk Calculations

Fugitive Dust Inhalation, Resident .
Marine Terminal 1 South Feasibility Study P

Portland, Oregon

' ]
i I
¥

( i‘;_'ll

Shest 4 of 4

Compounds of PEF Alr EPCin _:'mb?é l::::;klr:t::e Hazard Quotient ?:':;;(:_?:; Cancer Risk
Potentlal Concern | in m%kg ' Sl
RME ¢ CT RME CcT RME CT RME CcT RME CcT
PAHs e
Benzo(ajanthracene 1.32E+09| 8.3E-11 | 7.6E-11 4.4E-11 4.0E-11 - - 21E-11 41E-12 6.5E-12 1.3E-12
Benzo(a)pyrene 1.32E+09| S.1E-11 |- 8{.3E.-1 1 4.8E-11 4.4E-11 - - 2.3E-11 45E-12 7.1E-11 1.4E-11
Benzo(b)fluoranthene | 1.32E+09| 8.3E-11 | 6.5E-11 44E-11 3.5E-11 - - 2.1E-11 3.5E-12 6.5E-12 1.1E-12
Dibenz(a,h)anthracene |1.32E+09| 1.4E-11 | 1.4E-11 7.2E-12 7.2E-12 - - 3.5E-12 7.4E-13 1.1E-11 2.3E-12
Indeno(1,2,3-cd)pyrene | 1.32E+09| 6.3E-11 | 58E-11 | 3.3E-11 | 3.1E-11 - - 1.6E-11 3.1E-12 | 49E-12 | 9.7E-13
Metals o
Arsenic 1.32E+09]) 5BE-08 | 2:3E-09 | 3.0E-09 1.2E-0S - - 1.4E-09 1.2E-10 2.1E-08 1.9E-09
’ -1 | TOTAL HAZARD INDEX| 0.E+00 0.E+00 TOTAL CANCER RISK | 2.E-08 2.E-09
. ."‘ ' . GfTA\.cba‘Pmo(Pon‘&Jo Term 1 Suppo8Tech Supp and FS, 00\ enithity StudylAppendx A Te ib. i Resfdydl Rick Tadlas (A-10 Araa A Residartal Sof Redat Resdunl Risk)
Notes: ;1j "

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Paint Concentration

o



/86009S11d0d

Table A-11 - Area B Residual Soil Red:stnbutlon Risk Calculations
Soil Ingestion, Resident
Marine Terminal 1 South Feasibility Study

Portland, Oregon -

Sheet 1 of 4

) ™ Hazard Intake Cancer Intake
Compounds of Soll EPC in mg/kg in mg/kg-day Hazard Quotient In mg/kg-day Cancer Risk
Potential Goncern RME cT | AmME cT RME cT RME | cT RME cT
PAHs _ .
Benzo(a)anthracene 1.50E+00 4.60E-01i 3.8E-05 3.4E-07 -- - 4.0E-08 3.0E-08 2.9E-06 2.2E-08
Benzo(a)pyrene 1.50E+00 | 4.80E-01 \3.8E-05 3.5E-07 - - 4.0E-06 3.2E-08 2.9E-05 2.3E-07
Benzo(b)fluoranthene 1.30E+00 | 4.00E-01 3.3E-05 2.9E-07 - -  3.5E-08 2.6E-08 2.3E-06 1.9E-08
Dibenz(a,h)anthracene 2.50E-01 | "1.30E-01 ..'6.4E-06 9.5E-08 - - 6.7E-07 8.6E-09 4.9E-06 6.3E-08
Indeno(1,2,3-cd)pyrene | 7.20E-01 | 2. 80E~01  1.8E-05 .2.0E-07 - -- 1.9E-06 1.8E-08 1.4E-06 1.3E-08
Metals i y
Arsenic 3.6E+00 2 9E+00 9.2E-05 2.1E-06 3.1E-01 7.1E-03 9.6E-06 1.9E-07 1.4E-05 2.9E-07
Vi | TOTAL HAZARD INDEX| 3.E-01 7.E-03 TOTAL CANCER RISK 6.E-05 6.E-07
. o iDA A\Iinb!\Pﬂn of Portiondh18230 Term 1 SuppemiTech Bupp and FS, -00\Feasbifty Studyh AT Rosidunl RN( Tablas (A-11 A10a B Residoniial Soil Redist Realdual Risk)
Notes: -! Lot

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration
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Table A-11 - Area B Residual Soil Redistribu:tion Risk Calculations
Dermal Contact with Soil, Resident ;
Marine Terminal 1 South Feasibility Study

Portland, Oregon

Shest 2 0f 4

Compounds of ABS Soll EPC in ma/kg ?:Tna;w::; Hazard Quotient ?:'::/:(g‘::; Cancer Risk
Potential Concern - —
RME - CT RME CT RME CT RME CT RME CT
PAHs R
Benzo(a)anthracene 0.13 | 1.50E+00 | 4.80E-01 8.2E-05 5.9E-07 - - 5.8E-06 5.2E-08 4.3E-06 | 3.8E-08
Benzo(a)pyrene 0.13 | 1.50E+00 | 4.80E-01 6.2E-05 6.2E-07 - - 5.8E-06 5.4E-08 4.3E-05 | 4.0E-07
Benzo(b)fluoranthene 0.13 | 1.30E+00 | 4.00E-01 5.4E-05 5.1E-07 - - 5.1E-06 4.5E-08 3.7E-06 | 3.3E-08
Dibenz(a,h)anthracene 0.13 | 2.50E-01 1.30E-01 1.0E-05 1.7E-07 -- - 9.7E-07 1.5E-08 7.1E-08 1.1E-07
Indeno(1,2,3-cd)pyrene | 0.13 | 7.20E-01 | 2:80E-01 3.0E-05 3.6E-07 - .- 2.8E-06 3.2E-08 2.0E-06 2.3E-08
Metals A :
Arsenic 0.03 { 3.6E+Q0 2.9E+00 3.5E-05 8.6E-07 1.2E-01 2.9E-03 3.2E-06 7.6E-08 4.9E-08 1.1E-07
o TOTAL HAZARD INDEX| 1.E-01 3.E-03 | TOTAL CANCER RISK | 6.E-05 7.E-07 |
! ' ‘DATAUobd\l’onol PorBnd\I5230 Term 1 BupporiToch Supp and IS, GO aa by GludyVAppondte A TNl sEol Aistibulion Rovdorial Roaciual A Tabion (A1 Arce B Rasiderfial Bol Rodst Rosidusl FIek)
Notes: R -

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency

3. EPC = Exposure Point Concentration
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c . Sheet 3 0f 4
| '

Table A-11 - Area B Resldual Soil Redistribution Risk Caiculations
Vapor Inhalation (Indoor Alr), Resident . v

Marine Terminal 1 South Risk Assessment

Portland Oregon "

indoor Air EPC Hazard Intake Cancer Intake

Compounds of 3 - ) Hazard Quotient . Cancer Risk
Potential Concern in mg/m In mg/kg-day _ in mg/kg-day
RME CT RME CT RME cT RME CT RME CT

Volatile Organic Compounds i
Chloroform 2.8E-06 9.7.E-07' 1.5E-06 5.1E-07 1.7E-02 6.0E-03 3.3E-07 5.3E-08 2.7E-08 4.3E-09
-+ TOTAL HAZARD INDEX| 2.E-02 6.E-03 TOTAL CANCER RISK 3.E-08 4.E-09

I. DATAUa:aw of Pmmnm'sm Tarm ¥ SupoamToch BUD and F, 0V cantbily SmayAprandi A Tabloavsol Hedalrbulon Aesdertitl Rexidual Risk Tabien (A+11 Arac B Residenlal 801 Rodiat Residuns Nisk)

Notes: b :

1. Indoor Air EPC modeled from maximum detected groundwater concentration using DEQ's RBDM Guldance (DEQ, 2001b).
2. Qutdoor Air not evaluated since indoor air risks and hazards were acceptable.

3. RME = Reasonable Maximum Exposure 1 ‘{

4. CT = Central Tendency v

5. EPC = Exposure Point Concentration R !
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Table A-11 - Area B Residual Soil Redistribution Risk Calculations
Fugitive Dust Inhalation, Resident
Marine Terminal 1 South Feasibility Study

Portland, Oregon

Sheet 4 0f 4

. | ' .
Compounds of PEF Alr EPC In mg/3 '.;*:f:;j’km_::e Hazard Quotlent ?:r:;;lgrla:; Cangcer Rlisk
Potential Concern. | in m%kg L i
: RME. | .~ CT. RME CcT RME CcT RME CcT RME cT
PAHs o | -
Benzo(a)anthracene 1.32E+09| 1.1E-09 | 3.5E-10 | 6.0E-10 1.8E-10 - - 2.9E-10 1.9E-11 8.9E-11 | 5.9E-12
Benzo(a)pyrene 1.32E+09( 1.1£-09 | 3.6E-10 8.0E-10° 1.9E-10 - - 2.9E-10 2.0E-11 8.9E-10 6.1E-11
Benzo(b)fluoranthene [ 1.32E+09| 9.8E-10 {!3.0E-10 | 5.2E-10 1.6E-10 - 2.5E-10 1.6E-11 7.7E-11 5.1E-12
Dibenz(a,h)anthracens |1.32E+09| 1.9E-10 | 9.8E-11 1.0E-10 5.2E-11 - - 48E-11 5.4E-12 1.5E-10 1.7E-11
Indeno(1,2,3-cd)pyrene |1.32E+08( 5.5E-10 | 2.1E-10 | 2.8E-10 11E-10 - 1.4E-10 1.2E-11 4.3E-11 3.6E-12
Metals Co :
Arsenic 1.32E+09! 2.7E-09 | 2.2E-09 1.4E-09 1.2E-09 -~ -- 8.9E-10 1.2E-10 1.0E-08 1.8E-09
- 3 ; TOTAL HAZARD INDEX| 0.£+00 0.E+00 TOTAL CANCER RISK 1.E-08 2.E-09
o i DATALHP ot of Porland 15230 Term 1 SuppotiTach Supp AndFS, ~00VF coslbiy Sudyppmndix A Tables! S0 Ruxiistdbutlon Residentsd Residund Rik Tobles [A-11 Asos B Realdertial Soll Redint Remicual Rsk)
Notes: y i

1. RME = Reasonable Maximum Exposure

2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-12

Risk and Hazard Summary Soil redlstrlbutnon Residual Risk Assessment: By Exposure Pathway
Marine Terminal 1 South Feambihty Study :

Portland, Oregon.

31 -BME Cancer Risk RME Hazard Index
SubArea | Exposure Scenario L ! Inhalation | Inhalation ) Inhalation | Inhalation
. Ingestion Dermal of Volatites | of Dust Ingestion Dermal of Volatites | of Qu o TOTAL
Area A Resident 3.E-05 | 1. E 05 4.E-09 2.E-08 6.E-01 2.E-01 8.E-05 0.E+00 8.E-01
Area B Resident 6E-05 | 6. E 05 | B3E-08 1.E-08 3.E-01 1.E-01 2.E-02 0.E+00 4.E-01
...... ‘i~ CT Cancer Risk CT Hazard Index
SubArea | Exposure Scenario . R Inhalation | inhalation . Inhalation | Inhalation
Ingestion | Dermal. of Volatiles | of Dust TOTAL Ingestion Darmal of Volatiles | of Dust TOTAL
Area A Resident 4.E-07 2;‘E~07_f 7.E-10 2.E-09 7.E-07 7.E-03 3.E-03 3.E-05 0.E+00 1.E-02
Area B Resident 6.E-07 7.iE-07" 4,E-09 2E-09 1.E-06 7.E-03 3.E-03 - 8.E-03 0.E+00 2.E-02
- l DATAWobw\Part of Portiand 15230 Tarm 1 SupportiTach Supp and F8, -00F easitility AT Ry Realaus Risk Tabies (A-12 Rk Sum Tobleo ramidusi riek)
Note:

1. Shading indicates exposure scenario exceads the DEQ s acceptable risk target.
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Table A-13 g
Risk Summary Resldual Soil Redlstrlbutlon Rlsk Assessment: By COPC
Marine Terminal 1 South FeaslIbility Study " | ¢

Portland, Oregon

RME Cancer Risk CT Cancer Risk

.S\.JbAraa Exposure Scenarlo COPC | Ingestion | Dermal ol;ﬂ\-n/illat:i?: lnhalat;on TOTAL Ingestion Dermal In!\'n/il’:ttio: Inhaé:lgn of TOTAL
Area A Resident Benzo(a)anthracent - | na 7.E12 | 6.E-07 §.E-09 8.E-09 na 1.E-12 1.E-08
Benzo(a)pyrane ! na 7.E-11 B8 wm 5.E-08 -| S.E-08 ha 1.E-11 1.E-07
Benzo(b)fluoranthent na 7.E-12 5.E-07 . 4.E09 - 7.E-09 na 1.E-12 1.E-08
Dibenz(a,h)anthracent na 1.E-11 2.E-09 2.E-08 na 2.E-12 2.E-08
Indenc(1,2 3-cd)pyren¢ na 5.E-12 4.E-09 6.E-08 na 1.E-12 1.E-08
Arsenic , na 2.E-08 3.E-07 1.E-07 na 2.E-09 5.E-07
Tetrachlorosthene 4.E-09 na na na 7.E-10 na 7.E-10
TOTAL 4E-09 | 2.E-08 4.E-07 2.E-07 7.E-10 2.E-08 7.E-07
Area B Resident Benzo(a)anthracent | | na 9.E-11 2E-08 4.E-08 na - 6.E-12 6.E-08
Benzo(a)pyrent e na 9.B10 2.E-07 4.E-07 na 6.E-11 6.E-07
Benzo(b)fluoranthene ' i [ na . B.E-11 2.E-08 3.6-08 na S5.E-12 5.E-08
Dibenz(a, h)anthracent O BaE o na i 2.E-10 6.E-08 1.E-07 na 2.E-11 2.E-07
Indeno(1,2 3-cd)pyrem na 4.E-11 1.E-08 2.E-08 na 4.E-12 4.E-08
Arsenic na 1.E-08 3.E-07 1.E-07 na 2.E-08 4.E-07
Chloroform ' 3.E-08 ) 4.E-09
TOTAL| 6.E-05 E-05 | 3.E-08 1.E-08 6.E-07 7.E-07 4,E-09 2.E-09 1.E-06

i DATAUSo#P 1 81 FETaNATETS0 Tarm 1 SUpportiToch Supp SGFS, 00 810531y SUOMpanix A TR0Is50) Fed KbuBth Rssoesre) PIsiuo FOK 105wS (A 17 Fish Surn TWiies (st tish)
o . .

Note.
. Shading indicates COPC exceeds the DEQ's acceptable nsk targe



